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DOUBLE COMMUTATOR, 2000 Ampere. 
Model 132 is widely used by the larger job 
shop and factories for production plating 
nickel, copper, brass, cadmium, chromium. 
Atony Other Models Available 


• • • • • • • • • •’. 7 . o. 

One of fhfe World s Largest Builders of Electric Generators'.” 


DOUBLE COMMUTATOR, 1000 Ampere. 
Model 130 for still tank plating of nickel, 
copper, brass or cadmium. 


SINGLE COMMUTA 
TOR, 500 Ampere. 
Model 129 is ideal 
for the smaller shop, 
or those applications 
which will require sep- 
arate generators for 
each tank. 


SINGLE COMMUTA- 
TOR, 200 Ampere 
Model 1 27 used 
mostly in jewelry and 
novelty manufacture. 
Ideal for experimen- 
tal, laboratory use. 


1. Furnishes power required 
with ample margin. 

2 . Great accuracy — extreme 
stability of adjustment. 

3 . Bolted commutator has a 
wide temperature range. 

4 . Non-corrosive brass brush- 
holders. 

5. Non-corrosive small parts 
— cadmium or zinc plated. 

6 . Non-corrosive brush-hold- 
er springs — phosphor 
bronze. 

7 . Compact. 

8 . Modern appearance. 

9 . Generator control mounted 
on set. 

10. Comes completely wired. 

11 . Generously rated ball 
bearings. 

12. All connections protected. 

13 . Terminals to which both 
motor and generator con- 
nections are readily acces- 
ible and simple to operate 

14 . Requires no prepared 
foundation. All self-con- 
tained. Easy to install. 

The Plating Generalon 
that interest you or tell us your require- 
ments and mail this ad with your 
name and address for more details. 
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FUME EXHAUST 

Provide adequate ventilation by capturing fumes right at the source, 
increase safety and efficiency and promote better health and morale 
of your workers. 

Kirk & Blum Fume Exhaust Systems are “tailor-made” to fit your 
particular needs. 

Our Engineering Staff has specialized in this particular field and 
makes a thorough analysis of your fume exhaust problems. Recom- 
mendations are made, based on a background of over 36 years expe- 
rience, and a system installed that is guaranteed by Kirk & Blum to 
give the results you want. 

Don’t risk serious loss of time and money. Don’t let guesswork leave 
you “stuck” with a system inadequate for your particular job. Get 
the unbiased counsel and planning of experts — Kirk & Blum Engin- 
eers; for details write 

JAfi KIRK & BLUM MPG.^x). 

2901 SPRING GROVE AVE. CINCINNATI, OHIO 





Specially designed 
and built to meet i 
your individual re- I 
quirements. 

Our Engineering 
Department is well 
qualified to select 
the proper alloy or 
base metal required 
for the specific acid 
solution involved. 

Tanks are supplied with or without exhaust ducts 
and fans, as your conditions or specifications indi- 


Send us your blue prints for prompt quotations. 


Any of the following booklets sent upon request: 

“Dust Collecting Systems in Metal Industries” 
“Blower Systems for Woodworking Plants” 

“Fan Systems for Various Industries” 

“Industrial Ovens” 

“Cooling Systems for the Glass Industry” 

“Data on Kirk & Blum Production Facilities” 


Jhe Kirk & Blum Manufacturing Go- 

AN ORGANIZATION OF ENGINEERS AND MECHANICS 

2901 SPRING GROVE AVE. CINCINNATI. OHIO 



FULL AUTOMATIC 
PLATING MACHINES 


AUTOMATIC 
POLISHING MACHINES 


HANDIPLATERS 


MULTIPURPOSE 

BARRELS 


SEMI-AUTOMATIC 
PLATING MACHINES 


PLATING BARRELS 


RECTO- 

PLATERS 


DICHROMATING 

EQUIPMENT 


MULTICYLINDER 
PLATING MACHINES 
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UDYLITE’S years of experience in the metai finishing field are a 
qualification which warrants your consideration. 

UDYLITE’S complete line of dependable metal finishing equipment 
has a reputation of doing the job better and faster. 

UDYLITE also otters a full line of best quality supplies, tested in our 
own control laboratories to be sure they measure up to highest per- 
formance standards. 

UDYLITE maintains a modern engineering department and completely 
equipped experimental laboratories, staffed by technicians of long, 
practical experience, to assist you with your problems and plans. 
These men are at the service of any Udylite customer, for the asking. 


T HE 
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PICKLING AND ACID DIPPING 
OF METALS 


By Nathaniel Hall and G. B« Hogaboom, Jr. 

' ALUMINUM AND ITS ALLOYS 

SHEET ALUMINUM 

To produce a bright etched finish, sheet aluminum is first immersed in a hot 
alkaline etching solution such as 2-8 oz./gal. of caustic soda, soda ash or trisodiuin 
phosphate at 180-200° F. The period of immersion will depend on the degree ot 
etching desired and if of sufficient duration will result in the formation of a smut 
on the surface. Since the etching solution is alkaline it is generally unnecessary 
to clean the metal first. How'ever, if the work is oily, solvent degreasing or clean- 
ing is advisable in order to prevent spotting. 

The smut is removed by immersion for a few seconds in a nitric-sulfuric bright 
dip, such as is used for copper and copper alloys (see below), or in a mixture 
of 1 part nitric acid and 1 part water. 

Aluminum sheet which has been heat treated often acquires a stain which is 
not removed by the alkaline etch. To remove this stain, the articles are immersed 
for one minute in: 

Hydrofluoric acid . 1 part 

Nitric acid - 1 ” 

Water , - 98 ” 

They are then rinsed and dipped in the above mentioned nitric or nitric-sulfuric 
acid bright dips. 

Duralumin may be pickled in the following solution: 

Sodium fluoride - - - P4 oz./gal. 

Sulfuric acid - - 13 ” 

This is followed by the acid bright dip. 

CAST ALUMINUM 

Aluminum castings, containing alloying metals such as silicon, iron, etc., ac- 
quire an adherent black or brownish film during the alkaline treatment due to 
dissolving of the aluminum out of the surface, the insoluble alloying metals re- 
maining. A dip containing nitric and hydrofluoric acids is required for removal 
of this film, such as: , 


Nitric acid .. 3 gal. 

Hydrofluoric acid 1 ” 


Room temperature. Ventilation required. 

Immersion for 15-30 seconds is generally sufficient for ahirninum die castings 
and 1-2 minutes for sand castings. Originally lead lined tanks were used, coated 
with a mixture of 1 part beeswax and 4 parts paraffin and placed in a water bath 
in order to prevent the wax from softening and to keep the rate of reaction from 
becoming excessive. However, the action is so rapid that the bath heats up suffi- 
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METAL CLEANERS 
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L FtNISHING 


NUCAST 99% plus — ROLLED 
DEPOLARIZED — 95/97% 
NICKEL. Copper, Cadmium and 
Zinc. 

AHCOLOID Metal Cleaners and 
Solvents for fast and efficient 
degreasing. 


COMPOSITIONS 


AHCO Buffing Compounds cut 
fast and work clean. For cutting 
down and coloring all metals. 


EQUIPMENT 


CHEMICALS 


LA SALCO Electroplating Equip- 
ment’ — Rectifiers, Motor Gener- 
ators, Black Oxide finishing equip- 
ment. 

INDUSTRIAL Chemicals for all 
metal finishing — Anodizing, Black 
Oxide finishes. Electroplating, 
Metal Coloring. 


APOTHECARIES HALL CO. 

WaiERBURY S8 COHHECTICUT E 5 T, 18^9 



ciently to soften the wax when used in production and results in wax films on the 
work after a short operating period. Organic lining materials are now available 
to withstand the action of the nitric-hydrofluOric acid mixture. Details regarding 
suppliers of such linings may be obtained from Metal Finishing. 

COPPER AND ITS ALLOYS 

PICKLING 

1. Sulfuric Acid Pickle: 

Sulfuric acid 1 gal. 

Water 9 ” 

Temperature: 125-175 °F. 

On copper and copper alloys containing more than about 85% copper, oxide films 
will contain a high percentage of cuprous oxide (CuoO) which is not easily re- 
moved by sulfuric acid pickles, and the addition of an oxidizing agent is desirable. 
Examples of such solutions are: 


2. Dichromafe Pickle: 

Sulfuric acid — - 1 pt./ gal. 

Sodium dichromate — - 2-4 ozj gal. 

Temperature: Room to 175°F. 

3. Ferric Sulfate Pickle: 

Sulfuric acid 13 oz./gal. 

Ferrisul* 13 


Temperature: Low copper alloys — 120-140° F. 

High copper alloys — 1 40-175 °F. 

After pickling and prior to bright dipping, preliminary smoothing of the sur- 
face is often employed in order to increase the life of the bright dip and to obtain 
a more uniform finish. The solution is called a “Scaling” or “Fire-Off” dip and 
is composed of the following: 


4. Scaling Dip: 

Sulfuric acid 2 gal. 

Nitric acid 1 

Water - 3 


Agitate the work. If action is too rapid increase the sulfuric acid content. 

BRIGHT DIPPING 

Bright dips for copper and its alloys consist of nitric and sulfuric acids in 
widely varying proportions together with a small quantity of water and hydro- 
chloric acid. A typical formula will consist of: 


1. Sulfuric acid 2 gal. 

Nitric acid — 1 ’ 

Water 1 fft. 

Hydrochloric acid 1 — - % A* oz. 

Room temperature. 


The hydrochloric acid is added to increase the lustre but an excess will tend 
to cause spotty surfaces. Wood soot and activated carbon are often added, 
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HERE IS GOOD NEWS FROM THE PLATING FRONT! 

Industrial Plol'ing Solution Filters ore now coming equipped with AIRWASH — 
the new cleaning device that does a thorough job in a few minutes without 
opening the filter. You will welcome this new labor saving method of cleoning 
filters. The Industrial AIRWASH Device docs a complete job of removing 
cake and sludge from filter cloths. There is no loss of time before starting 
the new filter cycle. Industrial Filters ore furnished in sizes and models to fit 
your needs. Ask for our recommendations on the proper equipment to do 
your job better. 



SALT FOG CORROSION 
TEST EQUIPMENT 

This modern instrument is de- 
signed to meet all requirements of 
latest *^Salt Fog Testing Procedure 
Specifications'' to determine corro- 
sion resistance of plated, coated, 
lacquered or painted parts, which 
must meet specific requirements, 

MADE IN 5 STANDARD SIZES 

HOSE — We carry a complete stock of YALVES—Valves and fittings of iron, steel, 
high grade rubber suction and discharge bronze, duriron, stainless steel, rubber lined 
hose yi*' to 1” sizes. and hard rubber. 

IVe Carry Complete Stocks of Filterbestos, Activated Carbon, Activated Clay, (Super" 
Filtrol, and Cn/or-o-cei; and All Grades of Filter Powder Read^ for Shipment 


INDUSTRIAL FILTER & PUMP MFG. CO. 

1621 WEST CARROLL AVENUE • CHICAGO 12, ILLINOIS 




especially when excessive amounts of hydrochloric acid are present, and tends to 
improve the operation of the dip. Sodium chloride may be used in place of hydro- 
chloric acid in the formula. 

If the work is coated with scale, treatment in a pickling solution or “scaling” 
dip is advisable before bright dipping. After bright dipping and rinsing thor- 
oughly in cold, running water, articles may be dipped in a solution of 4 oz./gal. 
sodium cyanide to remove stains and, after an additional cold rinse, in a hot water 
rinse containing from Vs oz./gal. of soap, if the articles are to be lacquered, to 
1 oz./gal. if no further treatment is required. 

Tanks should be water jacketed to keep the temperature of the bright dip 
from rising and may be made of stoneware, 18-8 stainless steel and metal coated 
with suitable organic materials. Dipping baskets may be of stoneware, aluminum, 
18-8 stainless steel or Nichrome, preferably the latter two, since aluminum is at- 
tacked by alkaline cleaners and stoneware is rather sensitive to the thermal shock 
involved in rinsing after cleaning. 

Where a semi-bright finish is satisfactory the following dichromate dip will be 
found to be less expensive and more convenient to handle than the nHric-sulfuric 
bright dip, since no cooling is required and there are no objectionable nitrous 
fumes. Lead or lead lined equipment is used. 


2. Sulfuric acid 12 oz./gal. 

Sodium dichromate 4 ” 


Room or elevated temperature. 

MATTE DIPPING 

A solution which produces a light matte finish on copper and its alloy consists 


of: 

1. Sulfuric acid 1 gal. 

Nitric acid — - 1 ” 

Zinc oxide or sulfate 2 lbs. 


This solution is operated hot and must be kept free of water. The finish pro- 
duced in this dip is coarsened by adding nitric acid and made finer by adding 
sulfuric acid. 

A very dull finish, such as is used for Army enlisted men’s buttons, is pro- 
duced by etching at room temperature in: 


2. Hydrochloric acid — 1 gal. 

40° Ferric chloride sol’n . 1 ” 


When etched to the required degree, the articles are rinsed in cold water and 
given a short immersion in a dichromate bright dip, such as given above, in order 
to remove smut. 


IRON AND STEEL 

Removal of scale and rust from iron and steel is accomplished ordinarily by 
the use of sulfuric or hydrochloric acid. At room temperature the action of hydro- 
chloric acid is more rapid than sulfuric acid and is therefore, preferable for light 
oxide films, such as are found on polished steel. Sulfuric acid has the advantage 
of lower cost,' however, and can be heated in a lead lined tank with lead steam 
coils, lead pipe immersion gas heaters or lead sheathed electric units, whereas 
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ELECTROLYTIC DESCALING 

Electrolytic de??caling is faster and gives greater assurance of thorough scale re- 
moval. The BuIlard Diinn Process is the only electrolytic method, however, that 
does not attack the work. 



TH/Bl/llARDDl/mPROCiSS 

^ottAem...6ecauj£ 

^ / 


1. It removes all kinds ot oxide from all kinds of 
shapes and sizes of parts. 

2. It is fast — no hand wiping necessary. 

3. It does not attack the work. 

4. It produces the cleanest sur- 
face possible for plating. 

5. It is economical. 

6. It is simple to 
^ operate. 

BULLARD>DUNN PROCESS DIVISION 


OF THE BULLARD COMPANY 


BRIDGEPORT 2, CONNECTICUT 


hydrochloric acid requires a carbon or tantalum coil or sheathing and tanks with 
rubber, brick or suitable organic linings which are more expensive. 

Pickling inhibitors are in universal with these acids, to minimize attack 
on the metal during removal of the scale or rust. They conserve acid and reduce 
pitting of the metal to a minimum. Other addition agents are available for ob- 
taining uniform pickling action by lowering the surface tension. Details regarding 
suppliers of such addition agents may be obtained from Metal Finishing. 

In addition to hydrochloric and sulfuric acids, various other materials are used 
for certain requirements and some typical formulas are given below. 


CAST IRON 

1. Sulfuric acid 1 pt. 

Hydrofluoric acid 1 ” 

Water 1 gal. 

Temperature : Room or elevated. 

2. Sulfuric acid 12 oz. 

Nitric acid 5 ” 

Water 1 gal. 

IRON AND STEEL 

1. Hydrochloric acid — 1 gal. 

Water - 1 

Room temperature. 

2. Sulfuric acid — V 2 pt. 

Water - 1 gal. 

Temperature: Room to 175 °F. 

3. Sulfuric acid 3 oz./ gaL 

Potassium nitrate 3 ” 

Temperature: 160 ®F. 

4. Sulfuric acid 6 oz./ gal. 

Ferrisul* 1 5 ” 

U. S. Pat. 2,295,204. 

5. Citric acid 10 oz./ gal. 

Ammonia is added until the solution is alkaline to litmus. 
Used at boiling point to remove rust without any measur- 
able attack on the metal. 

6. Phosphoric acid — 10-15% 

Water 90-85% 

Temperature: 175-185° F. 

7. Sulfuric acid 8 fl. oz./gal. 

Hydrochloric acid 10 ” 

Room temperature. 

MAGNESIUM AND ITS ALLOYS 

1. Chromic acid 24 oz./gal. 

T emperature : 190-2 12 ° F. 


The following dips are rapid but remove sufficient metal to change the dimen 
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NICKEL ANODES 


99%-|- Rolled Depolarized — A very 
fine, homogeneous, even-grained, 
virtually pure nickel anode. Cor- 
rodes in hot or cold solutions with 
minimum metallic loss. Forms prac- 
tically no Sludge. Especially suit- 
able for baths having a pH above 
4.5 electrometric. 

99%-|- Cast Oxide Depolarized — 

Almost entirely pure nickel. Suit- 
able for most cold nickel baths, but 
especially those having a high pH. 
Corrodes evenly under most ordi- 
nary shop conditions. 

‘99%+ Rolled Carbon — A rolled 
anode of high efficiency for low pH 
hot Watts bath not above 4.5 elec- 
trometric. Corrodes smoothly with 
a minimum of loose nickel. 

99%+ Cast Carbon — A pure nickel 
anode with carbon content adjusted 
for smooth, uniform corrosion with- 
out special controls. Available, how- 
ever, with carbon content to meet 
any specifications. Adaptable for 
general shop work using hot or 
cold baths. 


“Seycast” — An improved type of 
99%_j_ cast anode of very high ef- 
ficiency, designed primarily for 
Bright Nickel baths, but works per- 
fectly in any hot Watts bath having 
a pH of 4.5 electrometric or lower. 
Corrodes evenly with practically no 
loose nickel formation, due to long, 
interlocking grains radiating from 
a common center. Especially suit- 
able for high current densities. 

Bright Nickel — A hot organic type 
process free from promoter metal, 
stable and easily controlled. Pro- 
duces brilliant deposits from a 
standard hot Watts bath without 
the usual coloring or buffing. Ex- 
cellent throwing power. Wide oper- 
ating conditions. Free from wetting 
out agents. 

OTHER ANODES 

Seymour Anodes in all shapes to 
meet rigid specifications are also 
available in copper, brass, bronze 
and zinc. The copper used is elec- 
trolytic. The zinc is always the best 
grade obtainable. 


THE SEYMOUR MANUFACTURING CO. 

60 FRANEUN STREET SEYMOUR. CONN. 




sions so that they should be used only before machining. 

2. Nitric acid 10 fl. oz./gal. 

Sulfuric acid 3 ” ” 

Room temperature. 

3. Chromic acid 16 oz./gal. 

Nitric acid - 1 pt./gal. 

Room temperature. 

NICKEL AND ITS ALLOYS 

INCONEL 

1. Water 2 gal. 

Nitric acid 1 ” 

Hydrofluoric acid 1 pt. 

Temperature: 150-165 “F. 

2. Sulfuric acid 13 oz./gal. 

Rochelle salt 13 ” 

Temperature: 160-180° F. 

MONEL AND NICKEL 

1. Water 2 gal. 

Hydrochloric acid — 1 ** 

Cupric chloride ^ lb. 

Temperature: 180° F. 

The cupric chloride accelerates scale removal but may be omitted. After 
pickling in the above mentioned solution, rinse in hot water and immerse in the 
nitric-sulfuric acid or dichromate dip used for copper alloys. 

For light scale, such as is found on work annealed in a reducing atmosphere, 
or for small, hot-worked parts the following may be used: 

2. Sulfuric acid 1 pt./gal. 

Sodium nitrate % Ib./gal. 

Sodium chloride % ” 

Temperature: 180-190° F. 

3. Sulfuric acid 13 oz./gal. 

Ferrisul* 24 ” 

Temperature: 180° F. 

4. Hydrochloric acid 13 oz./gal. 

Ferrisul* 13 ” 

Temperature: 160-180°F. 

NICKEL SILVER 

1. Water 5 gal. 

Sulfuric acid 1% lb. 

Sodium dichromate ^ ** 

Temperature: Room or elevated. 

2. Sulfuric acid 13 oz./gal. 

Ferrisul* 13 

Temperature: 140° F. 
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MUNNtNG 


ii\7n 

MUNNINC Equipment to meet 
Nearly all demands in the 
Metal Finishing field 

Our long experience in this field will be helpful to Planning and 
Production Engineers developing new projects, or improving 
present ones. We extend full cooperation in solving the prob- 
lems that are frequently arising. 


MUNNING EQUIPMENT 

is widely used in the following 

processes — 



* Anodizing 

• 

Pickling 

• Descaling 

• 

Metal Cleaning 

• Electro Plating 

• 

Degreasing 

• Deburring 

• 

Salt Spray Testing 

■ Tumbling 

• 

Filtering 

• Mixing 

• 

Metal Coloring 

• Buffing and 

• 

Dther Specialized 

Polishing 


Operations 


Write us about any work in metal finishing in which you have 
difficulty. Our Technical Service can be of value in meeting 
your requirements. 


MUNNINC & MUNNINC, Inc. 

Manufacturers and Engineers 
Main Office and Plant ~ 202-208 Emmett Street 
Newark 5, New Jersey 

NEW YORK PHILADELPHIA Woonsocket, R. I. 

233 Broadway The Bourse Bldg. 75 South St. 



SILVER 


1. Nitric acid 2 gal. 

Water _ 1 ” 

Temperature: Room or elevated. 

2. Sulfuric acid 1 1 gal. 

Nitric acid 1 pt. 

Temperature: Room or elevated. 

Work should be dry. 

3. Water 1 pt. 

Sodium cyanide — 2 oz. 

100 vol. hydrogen peroxide V 2 -I oz. 

Room temperature. 


This should be placed in a sink since it may boil over 
when work is immersed. It must be made up fresh. 


4. Anhydrous alum 7 oz./gal. 

Sodium cyanide - 4 ” 

Soda ash IMs ” 

Temperature: 180-210® F. 


STAINLESS STEEL 

Since forging and annealing scales which form on stainless steel are very resis- 
tant to acids, it is often advisable to pickle in two operations, the first for loosening 
the scale and the second for removal or for brightening the surface. Where only 
light scales are present, the scale loosening treatment may be omitted. Suitable 
inhibitors should be added to minimize pitting of the metal. 


SCALE LOOSENING 

1. Sulfuric acid - - 12 oz./gal. 

Temperature: 180® F. 

2. Sulfuric acid - 1 gal. 

Hydrochloric acid 1 ” 

Water 8 ” 

Temperature: 130-140® F. 

SCALE REMOVAL 

1. Nitric acid - 1 gal. 

Hydrofluoric acid — 1^/^ ” 

Water - .2^ ” 

Temperature: 125-150° F. 

2. Sulfuric acid pt./gal. 

Hydrofluoric acid Vz ” 

Chromic acid 8 oz./gal. 

Temperature: Room or elevated. 

U. S. Pat. 2,172.041. 

3. Nitric acid 1 gal. 

Hydrofluoric acid 1 qt. 

Hydrochloric acid 1 pt. 

Water -.f.. 9 gal. 

Temperature : 130-140® F, 
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UNINTERRUPTED 
SigicmL PRODUCTION... 

...LOOK TO ‘SPEC LOW COST 
FINISHES! 


The low cost tarnish resistance brilliant white 
electro plate. Between Rhodium and Silver in 
whiteness. Harder than nickel. 

SPEIOrELLO Yellow Bronze plate that looks like gold. 




mmML 


Uniform in color. 

For brass, copper and steel — a highly tarnish- 
resisting lustrous white dip finish. 

Positive full-wave selenium rectifier. No back 
voltage. Specially designed for Electroplating. 


smMm 



Produces the real antique or oxidized effect. 
Easy to apply, adheres permanently. 

Sk The superior modern aluminum coating — easy 
^ to apply — dip or spray then bake. 

An iron and steel metal rust inhibiting DIP. 
Cl Can paint, lacquer, solder, braze or weld on 
SPEKLEEN. 

For soft or hard soldering, brazmg or welding 
iiS ferrous and non-ferrous metals. 


We Can Furnish , 


PLATING & FINISHING EQUIPMENT 
racks — RACK COATING 
CLEANERS — STRIPPERS — PREPLATES 
OXIDIZING — COLORING ETC. 


MANUFACTURING CHEMISTS 


PLATING ENGINEERS 


SPECIAL CHEMICALS CORP. 


BRAZING ENGINEERS 

30 IRVING PLACE 
NEW YORK 3, N. V. 


4. Sulfuric acid 

Nitric acid 

Hydrofluoric acid 

Water 

5. Ferrisul* - 

Hydrofluoric acid 

Temperature: 140-180°F. 

6. Hydrochloric acid 

Nitric acid 

Water 

Temperature: 125-160® F. 

PASSIVATION 

1. Nitric acid 

Water 

Temperature: 120® F. 
Time: 20 minutes. 

2. Nitric acid — 

Water 

Temperature: Room. 
Time: 1-2 hours. 


7-10 lbs. 

12-15 ” 

- 1 %- 2 » 

To make 100 lbs. 
U. S. Pat. 2,337,062. 

S oz./gal. 

-iy2-2 ” 


5 gal. 

1 

14 ” 


1 gal. 
4 ” 


1 gal. 

1 » 


Passivation or immunization, as it is sometimes called, should be employed 
after any pickling operation on stainless steel. Effectiveness of this treatment may 
be tested by application of copper sulfate solution, slightly acidified. No copper 
will be deposited on passivated surfaces. 


ZINC AND ITS ALLOYS 

Bright finishes may be produced on zinc and zinc base alloys by immersion in 
chromic acid solutions containing chlorides and sulfates. Examples are as follows: 

1. Chromic acid - 30-40 oz./gal. 

Sodium sulfate — — 2- 4 ” 

Room temperature. 

Articles are immersed in the above mentioned solution for 5 to 30 seconds and 
rinsed in cold water. If a yellow film remains on the surface, it may be removed 
by immersion in a solution of about 1 oz./gal. of sulfuric acid. 

2. Chromic acid 25-60 lbs. 

Hydrochloric acid 10 ” 

Water To make 100 lbs. 

Room temperature. 

The above dip should contain at least 15% chromic acid and not more than 
15% hydrochloric acid. Articles are immersed for 1 minute and rinsed. The sur- 
face has a dirty brass color which is removed by immersion for 1 minute at room 
temperature in a 10-70% chromic acid solution. 

U. S. Pat. 2,125,468. 

♦Ferrisul is the trade name for commercial anhydrous ferric sulfate,, produced and 
sold by the Merrimac Division of Monsanto Chemical Company, Everett Station, Boston, 
Massachusetts. Uses have been patented. The product contains a minimum of 90 % 
ferric sulfate. 
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SEIECTRO 

PLATERS 


The Modern Plating Unit 
with all controls and 
meters built in or with re- 
mote control. SELECTRO- 
PLATERS using Selenium 
rectifiers are lighter and 
take less space. No mov- 
ing parts — no mainten- 
ance cost — long life. 


Up to 5,000 amps, at 6 or 8 
volte in one cabinet. High- 
er voltage models up to 48 
volts for anodizing. 


6 volts, 5000 amps. 
Size 42" X 26" x 81 


Built by W. GREEN ELECTRIC COMPANY, INC 
Distributed by: 


FREDERIC B. STEVENS, INC. 

510 Third Streef 
Detroit 26, Mkh. 


MUNNING & MUNNING INC. 

202 Emmett Street 
Newark 5, N. J. 


CROWN RHEOSTAT & SUPPLY CO. 

3465 N. Kimball Ave. 
Chicago 18, Illinois 


A. J. LYNCH & COMPANY 

2424 Enterprise Street 
Los Angeles 21 , Calif, 






'fM'‘r 

fiA'-"', ■ 


BENCH SPACE - 21" x 15" 

Model 75081 — 0.6 volts. 50 amps. 
Model I225SI— 0.12 volts. 25 amps. 
Model 181281—0.18 volts. 12 amps. 
Model 241281 — 0.24 volts, 12 amps. 
Model 480681 — 0.48 volts. 6 amps. 


D E IV n 

RECTIFIERS 


For laboratory and small production work Green Electric off3rs a complete line 
.of portable, packaged-power, selenium rectifier units incorporating the same 
jcareful engineering as Green Electric’s big 5000 ampere units. 

Features of the laboratory bench units include: continuous voltage control from 
zero to maximum, input circuit breaker switch, pilot lamp, voltmeter, 
ammeter, color-coded D.C. output terminals, panel-mounted output fuse, no 
moving parts, absolute silence in operation, complete short-circuit protection. 

Illustrated units are for regular 115 volt A.C. supply. Ask for literature 
describing larger, three phase, rectifiers. 

CAll IN YOUR 0««N RIRRESCNTAriVF 


FREDERIC S. STEVENS, INC. MUNNINC A MUNNINO, INC. 
S10 Third Street 203 Emmett Street 

Detroit 26, Mich. Newerk S, N. J. 


CROWN RHEOSTAT A. J. LYNCH A COMPANY 
A SUPPLY COMPANY 2434 Enterprise Street 
346S N. Klmboll Ave. •>«* Anflelet 21, Colif 
Chicago 18, Illinois 


Rectifier Building Is Our Business 


^ W. GREEN ELECTRIC COMPANY, INC. 

GREEN EXCHANGE BUILDING 130 CEDAR STREET NEW YORK 6, N Y. 
RECTIFIER (G) ENGINEERS 





Filter 

Chromium 
Cadmium 

Bright Nickel 
Pickling Solution 


Acid Copper 
Acid Zinc 

Zinc Cyanide 
Copper Cyanide 



REASONS WHY some of the largest 
plating rooms use Sparkler Horizontal 
Plate Filters for intermittent or con- 
tinuous filtration : 

• No leakage — 

totally enclosed 
pressure tight 

• Low cost operation — 

paper media 

• High flow rates 

• Long cycles 

• Ample cake space for carbon 

treatment 

Capacities: 50-10,000 G.P.H. 

Write for Bulletin 299 



Cut shows our Model 818, in rubber-lined 
construction, for bright nickel solution. All 
parts contacting solution are rubber or pure 
nickel; pump is Duriron. Capacity 650 G.P.H. 


For accurate continuous addition of filter 
aid, investigate Sparkler’s slurry feed tank 
with agitator and proportioning pump. 


ENGINEERED FILTRATION 




PLATING SOLUTIONS 


ARSENIC PLATING 


By G. B. Hogaboom, Jr. and Nathaniel Hall 


White arsenic, AS2O3 16 oz. 

Caustic soda 16 ” 

Sodium cyanide - - V 2 ” 

Water to make Igal. 


Temp. — Room temx). 

Current density . 3-20 amp./ ft.- 

Voltage - 2Vt4 volts 

Anodes , Steel 


The arsenic content of this solution is about 12 oz./gal, and the free caustic 
soda, determined by the Sulfo-Orange method is about 4.5-5.() oz./gal. 

Addition of %-l oz./gal. of copper cyanide, dissolved in a minimum amount 
of sodium cyanide, will result in a darker color. The deposit in this case will be 
smutty and easily relieved, making it suitable for antique finishes. 

A steel tank may be used as the container and may be made the anode. 


BRASS AND BRONZE PLATING 

By G. B. Hogoboom, Jr. and Nathaniel Hall 
BRASS 


Copper cyanide - 

4 oz. 

Metallic copj^er 

: 2.8 oz. 

Zinc cyanide — 

1^ " 

Metallic zinc .. _ 

0.7 ” 

Sodium cyanide . _ 

m ” 

Free cyanide 

2 oz./gal. 

Sodium carbonate - - „ 

4 ” 

Temp. 

75-100" F. 

Water 

1 gal. 

Current density 3-!; 

) amp./ft.^ 



Voltage - _ 

2-3 volts 



Anodes: brass; 80% copi)er. 

20%/ zinc 


In making up a new solution it is often advisable to use about 6.5-7 oz./gal. 
of sodium cyanide instead of 7.5 oz, in order to get increased cathode efficiency. 

One pint of ammonia added to each 100 gallons will aid in producing a good 
color when starting a new solution. It is possible to operate a brass solution at 
room temperature, but a more uniform and clearer color will be obtained if the 
temperature is maintained at some point near 100 '’F, It is absolutely essential, 
if a uniform color is desired in the operation of a brass solution, to hold all con- 
ditions within reasonable limits from day to day. The deposition of zinc is favored 
if the free cyanide increases, or the current density increases, or if the tempera- 
ture decreases when the same current conditions exist. 

Arsenic is used as a brightener. Dissolve 2 lbs. of caustic soda in Mi gal. of 
water and then add 1 lb. of white arsenic. Use 2-4 fluid oz. of this solution to 
each 100 gallons of plating solution. An excess must be avoided as it will cause 
the anodes to turn black and the brass deposit will have a very pale color. 
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DO YOU 

BUFF BURNISH BURR 
CLEAN or DEGREASE? 

ANY PROBLEMS? 

More than 200 Wyandotte Metal Cleaning, 

Degreasing, Burnishing, Buffing and Burring 
compounds are available to you — plus the prac- 
tical advice of ihe Wyandotte Service Represen- 
tatives who headquarter in 14 industrial cities. 

Here is a complete line of industrial cleaning products — com- 
pounds that helped speed high priority war production but now are 
readily available for every civilian need. 

There are Wyandotte's for electro, soak and washing machine 
cleaning operations — both alkaline and emulsion compounds. There 
are over 50 Wyandotte Degreasing Compounds, plus products to re- 
move "smut" and "tarnish." 

For special jobs such as burring, buffing and burnishing, the more 
than 30 available Wyandotte formulations show excellent results on 
production charts. To solve the job that "really is different," you can 
count on a Wyandotte Product. 

For information concerning the economical use of the proper 
Wyandotte Product among the more than 200 available for YOUR JOB 
in YOUR PLANT, write or call 




Wyandotte Chemicals Corporation 


J. B. Ford Division, Wyandotte, Michigan 


SERVICE REPRESENTATIVES IN 88 CITIES 



BRONZE 


Copper cyanide 

- 4.0 oz./gal. 

Zinc cyanide 

* 0.3 ” 

Sodium cyanide 

5.0 ” 

Rochelle salts 

20 ” 

Metallic copper 

2.1 ” 

Metallic zinc 

0.17 ” 

Free cyanide — 

.... 0.5 ” 

Temperature 

75° -100° F. 

Current density 

2-4 amp. /ft.- 

Voltaae _ ^ 

2-.3 volts 

Anodes, brass; 92%; copper, 8% zinc. 


The bronze solution is similar to a brass in that it deposits an alloy of coppei 
and zinc. In a brass solution, a ratio of 80% copper to 20% zinc is desired. In 
bronze deposition, the proper ratio is 92% copper, 8% zinc. 

Rochelle salts are added to improve anode corrosion. Arsenic or ammonia 
should not be used. The production of a uniform bronze color requires even more 
careful control of conditions than is the case with a brass solution. Operating at 
room temperature will produce a light bronze, while a higher temperature will 
produce a red bronze. 


COPPER-CADMIUM BRONZE 

A bronze solution in which cadmium is substituted for the zinc may be used 
for a bronze deposit which is more uniform in color and is easier to control since 
the anodes do not polarize so readily. The solution contains: 


Copper cyanide : 3 oz./gal. 

Cadmium oxide ” , 

Sodium cyanide 4.5 ” 

Soda ash _ 2 ” 

Metallic copper 2.1 ” 

Metallic cadmium .0.11-0.22 ” 

Free cyanide 1.0 ” 

Temperature Room temp. 

Voltage 2-3 volts 

Anodes Copper 


The cadmium which is plated out is replaced by small additions of a concen- 
trated solution of cadmium oxide in sodium cyanide, when the deposit becomes 
copper colored or reddish. An excess of cadmium causes the deposit to become 
white. The excess is removed by plating out on dummies or by additions of sodium 
sulfide. 
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CADMIUM PLATING 


By R. O. Hull 

It. O. Hull Co:, Clerdnnd, Ohio 

Cadmium plating is conducted almost exclusively through the medium of 
cyanide plating baths containing organic and frequently inorganic addition agents, 
necessary for production of semi-bright to bright deposits. Although cadmium 
cyanide plating baths are simple to operate and maintain for production purposes 
in which the current and thickness of deposit are not important, proper operation 
for production of good quality deposits of pleasing appearance and adequate 
thickness necessitates close control of solution composition and operating condi- 
tions similarly to almost every other plating bath. For this reason, even though 
a solution may appear to be operating correctly, it cannot be too strongly recom- 
mended to analyze and adjust the solution at regular intervals for continuous, 
good performance. The obvious result of inadequate solution control may be the 
production of burned or dull deposits, or improper coverage of work, while the 
less obvious but perhaps more important result may be diminution of cathode 
efficiency and hence production of inadequate thickness of deposit for good rust 
protection. 


SOLUTrON COMPOSITION 

Typical solutions may be prepared using the following formulas for both still 
tank and barrel plating: 

Cadmium oxide 3.5 oz./gal. 

Sodium cyanide 14.5 ” 

Brightener — as required 


OPERATING CONDITIONS 


Temperature 70-95 °F. 

Current density 15-45 amp./ft.2 in still tanks 

5-25 amp./ft.2 in barrels 

Voltage 1 to 4 volts in still tanks 

7 to 14 volts in barrels 
Anodes Cadmium bars or balls 


MAINTENANCE AND CONTROL 

1. Although quite wide ranges of composition may be used, it is necessary 
to maintain the ratio of total sodium cyanide to cadmium at about 3.8 to 4.2 to 
maintain high cathode efficiency of solution and to minimize the rate of sodium 
carbonate formation. Lack of attention to proper addition of sodium cyanide 
results in low anode efficiency and depletion of the cadmium content of solution 
which simultaneously results in rapid accumulation of sodium carbonate due to 
cyanide decomposition. Improper attention to solution composition may have no 
immediate effect but always results in a solution that eventually becomes inoper- 
able. The most important addition is therefore sodium cyanide, which should be 
made at intervals of at least twice a week and preferably once each day. It is 
possible at the present time to use proprietary mixtures of sodium cyanide and 
brightening agents compounded in such proportions that addition of sodium 
cyanide as needed in the average solution also adds the proper proportion of the 
brightening agents. This is of practical importance since sodium cyanide is deter- 
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Looking ahead with platers ... contemplating 
their needs of tomorrow ... has been a major 
activity of H-VW-M since plating’s early days. 

Now... with new, unprecedented products 
being planned in many fields, with needs for 
new plating techniques and equipment arising 
...platers stand on the threshold of a more 
challenging “tomorrow” than the industry has 
ever faced. 

But plating’s future is secure. Solutions to 


today’s plating problems exist because platers 
planned them . . . yesterday. 

Though plated products change, this neces- 
sity for planning ahead is ever with us. That’s 
why “looking ahead with platers” has boon a 
major activity with H-VW-M since plating’s 
infancy, why it will continue to be. That’s why 
all branches of the plating industry have come 
to regard H-VW-M not merely as a manufac- 
turer or supplier of equipment, but as a 
co-worker, willing and able. 


HANSOM -VAN WINKLE -MUNNING CO, 

MATAWAN, NEW JERSEY 

MonuEacfvrtrt of a fint 9f •ItOnplotinf amt polithhg aqvlpmtnt onti iupplht 

Phnts; Matowon, Naw Jtriay • Andaraon, Indiana • Salas OIRces; Andarton ■ Chicoffo 
CItvsIand • Dayton ♦ Detroit • llkhart • Matowon • Milwoukoo • Now Hovon • Now York 
Philodolphio • Pltttbwrph • Rochoitor • Sprinpfloid (Mats.) • Syracuto 





Simplify your problems of getting metal fin- 
ishing equipment and supplies. Under one 
symbol of reliability — the well-known long- 
recognized Hanson-Van Winkle-Munning 
trademark— get any essentially needed item in 
the wide assortment listed below. Enjoy the 
time-saving, trouble-saving advantages of 
doing business with a single thoroughly trust- 
worthy supply source. 


ANODES — Tin, (’opper, Nickt‘1, Ma/.ic, 
Lead, Cadmium, Brass 
ANODE SAVER BASKETS 
BOTTLE NECK TUMBLING BARRELS 
BRUSHES - Wire, Bristle, Tampico 
BUFFS - Full Disc & Pieced 
BURNISHING BARRELS 
CADUX — Cadmium Plating Process 
CENTRIFUGAL DRYERS ~ With and 
without heaters 
CLEANERS (Soap, Alkali) 
COMPOSITIONS - Tripoli, Lime, Cro- 
cus, Tallow, Emery Paste, Emery 
(’ake. Rouges, Stainless Steel and 
Cake, Rouges, Stainless Steel and Steel 
Comixmnds, Plastic Compounds, etc. 
DIPPING BASKETS 
ELECTROPLATEirS MICROSCOPE 
ELECTROPLATING COMPUTER 
EMERY AND VANITE 
FILTER BAGS FOR ANODES Cotton 
and synthetic cloth 


FULL AUTOMATIC CONVEYORS — 
For Cleaning, Pickliior, I’lating 
GALVANIZING FLUX 
GENERATORS AND GENERATOR 
SETS 

LATHES (Buffing and Polishing ) 

NICKEL BRIGHTENER 

NICKEL SALTS 

PLATING BARRELS 

PLATING CHEMICALS 

PLATING EQUIPMENT (Iloprer Type) 

POLISHING WHEELS Canva>, Cloth. 

Leather, Felt, Sheepskin 
RECTIFIERS— (Copper Oxide) & CON- 
TROLS 

RHEOSTATS (Tank) 
SEMI-AUTOMATIC CONVEYORS 
SISALIN SECTIONS 
TINNING FLUX 
TREATMENT TANKS 
WRAP.RAX (Rack Coating) 

® 5594 



mined by chemical analysis, whereas organic addition agents cannot readily be 
determined. 

2. The second item of importance is maintenance of adequate anode area in 
solution, and it is highly important that the amount of cadmium anodes in the solu- 
tion be maintained to at least two pounds per gallon at all times as determined by 
daily inspection. If cadmium anodes are maintained properly, there should be 
little occasion for addition of cadmium oxide or cadmium hydrate unless dragout 
losses are unusually high. Analysis for cadmium metal should be made at least 
once a week and the solution adjusted to the proper composition, if necessary by 
addition of cadmium oxide or hydrate. 

3. A small amount of sodium carbonate in cyanide cadmium is beneficial 
to solution operation, and the sodium carbonate should be maintained between 
the limits of 2 to 6 ounces per gallon. Sodium carbonate accumulates slowly in 
a properly maintained cadmium solution, but should be checked about every three 
months by analysis, and reduced to 2 ounces per gallon. Excessive sodium car- 
bonate results in a low bright current density range and a high dragout rate. If 
the sodium carbonate is present in excess of 8 ounces per gallon, it can be reduced 
to this concentration by “freezing out” or cooling to a temperature of about 25 ®F. 
Additional removal of carbonate is best accomplished by means of a special gyp- 
sum manufactured for this purpose.^ 

4. Caustic soda in cadmium plating solutions should be present for produc- 
tion of good deposits and for proper conductivity of solution. It should be remem- 
bered that addition of cadmium oxide or hydrate is equivalent to caustic soda 
addition, each ounce per gallon of cadmium oxide or hydrate being equivalent to 
0.6 oz./gal. of caustic soda. The pH as checked by pH papers or by the high pH 
glass electrode should be approximately 13, corresponding to a free caustic soda 
content of 1.5 to 3.2 ounces per gallon. If caustic soda is found by analysis to be 
less than 1.5 ounces per gallon, appropriate addition should be made to raise it to 
2.5 ounces per gallon by cadmium oxide or hydrate or caustic soda. 

5. Although it is possible to produce consistently bright deposits from mod- 
ern cadmium plating solutions containing the proper addition agents, the uniform- 
ity of coating and tarnish resistance can be improved by means of a bright dip 
following plating. The bright dips in general use are of three types, i.e., nitric 
acid^, peroxide^, or chromic acid®. 


EQUIPMENT 

For general purposes, either rubber-lined or steel tanks may be used for cyan- 
ide cadmium, although the former offers advantages in elimination of stray current 
losses. Cylinders for barrel cadmium plating may be either of hard rubber or of 
Bakelite. Regardless of material of construction, it is necessary to keep cadmium 
plating solutions within reasonable limits of temperature, if consistently bright 
deposits are to be expected and for this purpose, a cooling coil is necessary. For 
barrel plating, the cylinder should never be rinsed, but the work from the barrel 
should be dropped into a suitable basket or tray. Rinsing of the barrel results in 
exceedingly high dragout losses and is not only expensive through solution replace- 
ment but makes maintenance of solution difficult. 

ADDITION AGENTS 

For production of bright deposits, inorganic addition agents may be used in 
conjunction with organic addition agents [see ^]. Organic addition agents for 
cadmium plating may be of many types, most of which are the subjects of patents. 
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TBOZIDE... 

the new, safe ’’pickling” and 
bright’dip agent 

eliminates toxic fumes 
and acid burns 

Troxide is a scientifically developed compound of dry, 
inert chemicals that become active only v/hen dissolved in 
v/ater, and at no other time ! 

Troxide pickles iron and steel, brass, copper, bronze, nickel 
and silver. Troxide is used in bright-dipping copper, brass, 
bronze and even stainless steel. Troxide performs perfectly 
prior to plating, enameling, and galvanizing. Troxide does 
a beautiful, safe job on zinc die-castings. 

has these advantages 
over ordinary acid-baths 

• TROXIDE Lasts 3 to 14 times Longer 

• TROXIDE Generates no Acid Fumes 

• TROXIDE Saves Good Metal 

• TROXIDE may be Stored and Handled Without Danger 

• TROXIDE Won’t Burn 

• TROXIDE Saves TIME, AAANPOWER, MONEY 

Perhaps Troxide is the answer to your "pickling” or bright- 
dlp problems. Write "Troxide” across your letterhead or 
business card and mail. 

SUPPLIERS:-— South, Midwest and West: Waverfy 
Petroleum Products Co., Drexel Bldg., Phila- 
delphia 6, Pa. 

East: Safety and Maintenance Co., Inc., 601 W. 
26th St., New York 1, N. Y. 


TBOEIDE 




Since the most effective addition agents are used in proprietary processes, detailed 
recommendations cannot be given. 

RATE OF (Deposition 

Cadmium can be deposited at fairly high current densities and efficiencies 
and since it has a high atomic weight with a density about that of nickel, deposits 
are produced rapidly. For still plating, it is safe to assume a deposition rate of 
0.0003” in 10 minutes at 20 amp./ft.2 but in barrel plating, 30 minutes should be 
allowed for the same thickness with an average voltage of ll-lS across barrel and 
anodes. Other thicknesses, plating times, and current densities can be calculated 
from these conditions, although this thickness is the minimum for a good corrosion 
resistant deposit. (These rates are given as typical and they may vary with differ- 
ent types of solution and plating conditions. When plating to specifications, always 
check the thickness of plate obtained and do not rely merely on time-current 
density factors. — Ed.) 

1. Organic and freqacntly inorganic addition agents are necessary for bright deposits. 

2. U. S. Pat. No. 2,164,924. 

3. U. S. Pat. No. 1.816.837. 

4. U. S. Pat. Nos. 2,154.468 ; 2.164.469 ; 2,154,455 ; 2.154.451. 

5. U. S. Pat. Nos. 2,021.592 ; 2,070,871 ; 2.186.579. 


TREATMENT OF METALS FOR HARD CHROMIUM 

PLATING 


By Arthur Logozzo 

Nutmeg Chrome Plating Co., Hartford, Conn. 

Inasmuch as most parts to be hard chromium plated are either just machined 
or ground, we are not confronted with a pickling problem hut one of surface prep- 
aration. This is all-important because of the direct relationship between the basis 
metal surface and the nature of the chromium deposit. 

The basis metals can be classified into four groups: the carbon steels, nickel- 
chromium alloys, cast irons and carbides. None of these groups of metals are par- 
ticularly difficult to plate, regardless of the thickness requirements, if some simple 
rules, as laid out in the following tables are followed, plus the use of common sense. 

It will be noted in the case of cast irons that two methods are listed — this in 
the event the first one does not produce the desired results. No trouble will be en- 
countered, however, unless the material is particularly poor, in which case the sec- 
ond method is generally fool-proof. 


CLEANING AND ETCHING PROCEDURES 


Type of 

Alkaline 

Etching 

Thickness 

Etching 

Steel 

Treatment 

Medium 

of Deposit 

Time 

Low 

Anodic 

Anodic 

0.0002" 

1 minute 

Carbon 

16 oz./gal. 

Chromic acid 

0.001" 

2- 4 minutes 


6 volts 

28 oz./gal. 

0.005-0.010" 

5-10 minutes 

High 

Anodic 

Anodic 

0,0002" 

' 15-30 seconds 

Carbon 

16 oz./gal. 

Chromic acid 

0.001" 

1.5- 3 minutes 


6 volts 

28 oz./gaL 

0.005-0.010" 

3- 5 minutes 
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n Complete Line 


amm 


to meet your metal washing, 
rinsing and drying needs, 
before and after plating 



OPTIMUI tptmr r 
mm4 atattns Ma«h 
rartt •• r«cli*. 


The problem of machine washing of metal parts prior 
to, and washing and drying the parts after, the 
plating operation, is one that cannot adequately be 
met with any one standard piece of equipment. Recog- 
nizing- the complexity of the problem, and knowing 
Industry’s desire for simplicity, OPTIMUS engineers, 
specialists in the whole range of metal cleaning op- 
erations, have designed a minimum series of standard 
models to cover the entire scope of washing, rinsing 
and drying as related to plating. 

The result is a limited number of models of proven 
design that cover a wide number of conditions. A 
glance at this table shows small number of basic type 
of units (7) and the large complete range of condi- 
tions (12) met: 


Single Baskets Model No. A-1 

Baskets on Conveyer Model No. 


Model No. E-1 


Model No. C>1 
Model No. D<1 


Model No. E-2 
Model No. E-6 
Model No. E-3 


Model No. C-2 
Model No. C-3 


Model No. 0-2 
Model No. D-3 



Rinsing 
Itinuousl Drying 


An OPTIMUS Plan for the mechanized handling of your metal 
parts through washing, rinsing and drying, may mean the 
saving of labor, reducing of “rejects” and increasing of your 
production. Dependable OPTIMUS Detergents are also avail- 
able to meet all the demands of metal cleaning. Write today 
for the full story showing how OPTIMUS Equipment and 
OPTIMUS Detergents can be applied to your operation. 

OPTIMUS EQUIPMENT COMPANY 

ENGINEERS AND MANUFACTURERS 

OTOrHIforH AAATAWAN Kl J standard and special types of equipment 
279 CHURCH ST., MAT AWAN,N.J. SMALLEST TO THE LARGEST SIZES 

FOR A WIDE VARIETY OF OPERATIONS. 



©[pwacaros 



EQUIPMEHT 


















Moly 

Anodic 

Anodic 

0.0002" 

1 minute 


16 oz./gal. 

Chromic acid 

0.001" 

5- 6 minutes 


6 volts 

28 oz./gal. 

0.005-0.010" 

10-15 minutes 

Nickel’ 

Immersion 

Anodic 

0.0002" 

V 2 - 1 minute 

Chromium 

soak only 

Chromic acid 

0.001" 

2- 3 minutes 

Alloys 


28 oz./gal. 

0.005-0.010" 

5 minutes 

M oly 

Anodic 

Sulfuric 

0.0002" 

V 2 minute 


16 oz./gal. 

Acid 

0.001" 

1- 2 minutes 


6 volts 


0.005" 

2- 3 minutes 

High 

Immersion 

Anodic 

0.0002" 

10-15 seconds 

Speed 

soak only 

Chromic acid 

0.001" 

15-30 seconds 



28 oz./gal. 

0.005" 

1- 2 minutes 

Stainless 

Cathodic 

Chromic acid 

0.0002" 

10-15 seconds 


clean 

( Hydrochloric 

0.001" 

15-30 seconds 



can also be 

0.005" 

1- 2 minutes 


used) 

CYCLE FOR SMALL TOOLS 

(Drills, taps, reamers, tic.) 

1. Heal treat at 600® -1200 °F. (Consult metallurgist) 

2. Anodic clean — 12-16 oz./gal. at 6 volts. 

3. Water rinse. 

4. Immerse in 50% hydrochloric acid containing an addition agent. 

5. Water rinse. This rinse must be thorough. 

6. Plate — 5 minutes average on new tools. 

7. Bake — 350® F. for 1-3 hours. 

CYCLE FOR NON-FERROUS METALS 

1. Cathodic or soak clean. 

2. Water rinse. 

3. Immerse in 50% hydrochloric acid or treat anodically in sulfuric acid. 

4. Water rinse. 

5. Plate. 

6. Bake -200®. 350 ®F. for 1-3 hours. 

CYCLE FOR CAST IRON — METHOD I 

1. Anodic clean in alkaline cleaner. 

2. Water rinse. 

3. Etch anodically in chromic acid for 3-5 seconds. ^ 

4. Flash in plating tank at 10 amp./ sq. in. 

5. Drop current to normal 3-4 amp./sq. in. after approximately V 2 I minute. 

CYCLE FOR CAST IRON — METHOD II 

1. Buff well. 

2. Wash in gasoline or organic solvent. 

3. Dry very well. 

4. Rub down entire surface using clean cloth and either slaked lime or aluminum 
oxide powder. 

5. Flash in plating lank at 10 amp./sq. in. 

6. Drop current to normal 3-4 amp./sq. in. after approximately Mi-1 minute. 




You can easily observe the rapid solu- 
bility and freedom from foreign matter in Harshaw’s 
New Single Nickel Salts. • Fill two beakers with dis- 
tilled water. Pour a small amount of Harshaw's uni- 
formly small free-flowing crystals into one beaker, and 
a like weight of the old type salts into the other. Hold 
both beakers up to the light. Watch how much faster 
Harshaw’s New Single Nickel Salts dissolve, and also 
notice how much clearer the solution remains. • The 


_ extreme care used in our unique process for producing 
^ these uniformly small NiS046H20 crystals, easily ex- 
plains their superiority over the old large type crystals. 
• If you are looking for improved single nickel salts— 
easily handled in convenient packages— order now from 
the Harshaw Branch nearest to you. 


’HE HARSHAW CHEMICAL 

1945 East 97th Street, Cleveland 6, Ohio 
BRANCHES IN PRINCIPAL CITIES 
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CYCLE FOR CARBIDES 


1 . Anodic clean in alkaline cleaner. 

2. Water rinse. 

3. Immerse in hydrochloric acid to activate surface. 

4. Water rinse. This rinse must be thorough. 

5. Place in plating bath and bring part to solution temperature. 

6. Flash at 6 amp./sq. in. for 30 seconds. 

7. Drop current to regular current density. 


CHROMIUM PLATING 

By Dr. George Dubpernell 

United Chromium, Inc., W aterhury , Conn. 

ORNAMENTAL CHROMIUM 

When current is passed through a solution containing only pure chromic acid 
and water, no chromium plate results. To convert such a solution into a chro- 
mium plating bath requires the presence of acid radicals, such as sulphate, fluoride, 
etc., which are called “catalysts” because they permit the plating of chromium 
without themselves entering into the reaction. 

The essential factor in bath composition in chromium plating is the ratio of 
chromic acid (CrOg) to the total catalyst acid radicals expressed as sulphate 

100 

(SO4). For best results this ratio should be approximately . 

1 

To supply sulphate to a chromium plating bath, either anhydrous sodium 
sulphate (Na2S04) or sulphuric acid (H2SO4) can be used. Since sulphate is 
present in varying amounts even in the purest chromic acid, allowance must be 
made for it, as well as other acid radical catalysts, when adjusting the composition 
of the plating bath for maintenance in continuous operation. To supply fluoride 
which is used in some chromium plating baths, hydrosilicofluoric acid (H2SiF0) 
is often used. 

A typical chromium plating bath composition is: 


Chromic acid (CrOg) 53 oz./gal. 

Sulphate (SO4) 0.53 ” 


It is important to ascertain the total catalytic effect of all of the various 
catalyst acid radicals present in an operating bath from whatever source, and to 
adjust the amount of these acid radicals so that it is equivalent in effect to 0.53 
oz./gal. of sulphate in a bath containing 53 oz./gal. of chromic acid. When only 
sulphate is present in an operating bath, this is the only acid radical which need 
be taken into consideration. Frequently, however, other acid radicals, such as 
silicofluoride, are also present in chromium plating baths and when such is the 
case, their effect must also be taken into consideration when adjusting the ratio 
for optimum results. 

To produce bright deposits from baths such as described above, the surface 
of the work to be plated should first be prepared so that it has the appearance 
desired for the finished surface and then plated, for example, at a temperature 0/ 
105° F. and a current density of 115 amperes per square foot. Coordination and 
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sissgs&i'. 


these. 



Re -moving stubborn polishing 

and buffing compound deposits. 
Preparing steel for bright nick- 

c , ,^‘ Preparing steel for organic 

Vr finishing. 

Stripping organic finishes from 
^ i*to ferrous and non-ferrous alloys. 

-■'■ preparing aluminum alloys for 

anodizing. 

Stripping anodize from racks 
and rejected parts with no loss 
of luster on buffed surface. 
Barrel cleaning. 

Preparing zinc and aluminum 
die castings for plating or or- 
ganic finishing. 

Preparing aluminum for plat- 
ing. 


H KRE’S one “help wanted” 
problem that’s easily solved. 
If it’s a problem in metal cleaning 
and working . . . the Diversey D- 
Man is always on deck to lend a 
helping hand. Backed by a Research 
Laboratory that has spent over 18 
years developing special purpose 
products, the Diversey D-Man can 


DIVERSEY PRODUCTS 
for Mefol Finishing 

Diversey No. 12 — Eleotrocleaner — for 
use with reverse or direct current. 
Diversey No. 6 — Emulsion solvent 
for loosening buffing and poli.shing 
deposits. Acts quickly. 

Diversey No. 36— Safe, effective alum- 
inum cleaner. No silicate films re- 
main on work. 


often show you ways to step-up pro- 
duction that require less man-power. 
Isn’t that the kind of “help” you 
want these days? Just write to 

THE DIVERSEY 
CORPORATION 

53 W. Jackson Blvd., 
Chicago 4, III. 


Diversey No. 30— -For producing uni- 
form etch on aluminum alloys. 
Diversey No. 22 — A powerful cleaner 
for soak tank or barrel cleaning. 
Diversey No. 511 — Safe stripper for 
anodized parts and racks. Color of 
buffed surface retained for re-ano- 
dizing. 

Diversey No. 514 — A safe bright dip 
for aluminum alloys. 

Diversey No. 54 — Stripper for rough 
organic finishes. 

Dilac — For phosphatizing steel and 
aluminum prior to painting. 

Everite — Rust and heat scale re- 
mover. 



control of the important factors of (a) preparation of the base metaJ, (b) com- 
position of the bath, (c) temperature, and (d) current density, are essential for 
successful results. 

Solutions of lower concentrations of clrfomic acid can also be used, for exam- 
ple, 33 oz./ gal. In such case, the total catalyst acid radical content of the bath 
must be adjusted so that its effect is equivalent to 0.33 oz./gal. of sulphate so as 

100 

to maintain the ratio at its optimum of . While baths containing 33 

1 

oz./gal. of chromic acid have a slightly higher current efliciency than those con- 
taining 53 oz./ gal, of chromic acid, they have lower conductivity and, therefore, 
require higher voltage for a given current density. The more dilute baths are also 
more sensitive to the addition or subtraction of catalyst acid radicals from drag-in 
and drag-out and hence require more frequent and more careful adjustment for 
maintenance purposes. I'or instance, if a small amount of sulphate from a 
sulphuric acid dip is dragged inlo a chromium plating bath operated at 33 oz./gal. 
of chromic acid, it will cause more change in the ratio than in a bath operated 
at 53 oz./gal. of chromic acid. 

7% tin-lead anodes are preferred for use in chromium plating baths. Anti- 
mony-lead anodes can also be used. 

Trivalent chromium compounds and metallic impurities, such as iron, cop- 
per, and zinc, decrease the conductivity of the solution. When present in small 
amounts, their effect is inconsequential, but when these impurities are permitted 
to build up in large quantities they may be objectionable. 

The processes described above for producing bright plate and the use of tin- 
lead anodes are covered by patents owned by United Chromium Incorporated, 51 
East 42nd Street, New York City. 

INDUSTRIAL OR HARD CHROMIUM 

The industrial uses of chromium plate owe their existence to the unique com- 
bination of properties possessed by the deposited metal and not found in other 
methods of hardening. In addition to being hard, electrodeposited chromium has 
an especially low coefficient of friction, high seizure resistance, and high corrosion 
resistance when plated to sufficient thickness. 

The best results are obtained in some cases with relatively thin chromium plate 
on a hardened steel foundation metal. Metal cutting tools with the edge properly 
prepared prior to chromium plating are examples of this. The thicknesses applied 
are generally about 0.00001" to 0.0005", and most commonly in the tliinner part 
of this range. All of the chromium plate is frequently ground off one side of the 
cutting edge, leaving the deposit on the chip receiving side only, which gives con- 
siderably increased life to these tools in many types of service. 

Heavier deposits of chromium are applied in other cases which may range 
upward in thickness to 0.010" and considerably more in special instances. Exam- 
ples of this type of application are rolls and drums for various purposes, drawing 
dies and mandrels, plastic molds, gages, pump shafts and hydraulic rams. Gen- 
erally 0.001" to 0.003" more chromium is deposited than desired, and the excess 
ground or polished off to give final dimensions and surface finish as desired. 

The hardness of all bright chromium deposits is approximately the same (1000 
to 1025 Brinell) and this type of plate is generally preferred lor industrial chro- 
mium plating. A thin chromium deposit on a soft foundation metal such as copper 
or brass may not seemingly exhibit this hardness because it is easily gouged 
through and crushed due to lack of a proper backing. The same thin chromium 
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VtERLESS PRODHCrs 

CODMAN . . . Ventilated Non-Fray Bias and Conventional Buffs 
CROWN . . . Rheostats 

DUPONT ... High Speed Copper, Cadalyte (Cadmium) and 
Zin-o-lyte (Zinc) Bright Plating Processes 

ELECTRIC PRODUCTS . . . Motor Generators 

HAMMOND . . . Polishing and Buffing Equipment 

HARSHAW... Bright Nickel Plating 

INDUSTRIAL . . . Filters and Pumps 

LASALCO . . . Burnishing Barrels 

LEA . . . Greaseless Compounds, etc. 

MAIZO AND TUMBLE BRIGHT . . . Corn Cobb Drying Material 

MEAKER . . . Full and Semi Automatic Plating Equipment 

RICHARDSON-ALLEN ... Selenium Rectifiers, Stepless Variable 
Voltage Control 

STURGIS . . . Roto Finish Process 

STUTZ . . . Polishing and Buffing Compounds, Polishing Wheels 

LUCITE . . . One Piece Ribless, Single or Multiple 
Plating Barrels 

Replace your worn rubber and bakelite cylinders with our 
LUCITE ONE PIECE CYLINDERS 
No Ribs — Unloads Freely — No Solution Absorption 

DISTRIBUTORS AND MANUFACTURERS 
of 

RECOGNIZED BETTER PRODUCTS 

GEORGE A. STUTZ MFG. CO. 

1640 West CorrofI Avenue 
CHICAGO 12, ILLINOIS 



deposit on a hardened steel foundation metal such as a cutting tool, may add appre- 
ciably to the hardness and durability of the tool. The following values for the 
Brinell hardness of different types of chroniium plate are taken from an unpub- 
lished report in 1932 of T. H. Webersinn and J. M. Hosdowich of United Chro- 
mium, Inc., Research Laboratories: 

Appearance or Type of Deposit Brinell Hardness 

Bright, as commonly used 1000 to 1025 

“Burned” nodules, not usable 1250 

“Milky” due to low current density 775 

“Matte” or dull from cold solution 575 

Some other physical properties of electrodeposited chromium taken from 
various sources and which may be of interest are: 

Density (as deposited) 6.93 

Density (after annealing) .. 7.10 to 7.15 

Melting point 1920°C. (3,488“F.) 

Electrical resistivity (annealed) 13.1 to 19.3 X 10 ® ohm/cm.^ 

Reflecting power - 60 to 66% 

Coefficient of expansion (as deposited) negative 

Coefficient of expansion (annealed) 4.99 to 6.05 X 10 ® 

Coefficient of friction sliding on chromium 0.12 

Coefficient of friction sliding on babbitt 0.13 

Coefficient of friction sliding on steel 0.16 

The solutions used for industrial chromium plating are the same as those for 
decorative plating and have been described above. The solution with about 33 
oz./gal. (250 g./l.) Cr03 and 0.3 oz./gal. (2.5 g./l.) SO4 is very commonly used, 
and gives a plating speed of about 0.001" thickness of chromium per hour at a 
temperature of 131 ”F. (55‘'C.) and a current density of about 2 amperes per 
square inch. The more concentrated solution containing about 53 oz./gal. (400 
g./l.) CrOg and 0.5 oz./gal. (4 g./l.) SO4 is also often used, and gives a plating 
speed of about 0.0005" per hour at a temperature of 122° F. (50° C.) and a current 
density of about 1.5 amperes per square inch. 

Cleaning before plating and the adhesion of the deposit are especially im- 
portant for good results in industrial chromium plating. Aside from removing all 
grease, dirt, rust, and scale from the surface, good adhesion is usually assured by 
a reverse current etch in 50 to 55° Be sulfuric acid or in a chromic acid solution 
as the final step in the cleaning process. Generally the reverse current is applied 
for y 2 to 1 minute with 6 volts, although shorter or longer times may be used in 
certain cases. Additional details on the preparation of surfaces for industrial 
chromium plating may be found in A.S.T.M. Specification B-177-43T, covering 
“Tentative Recommended Practice for Chromium Plating on Steel for Engineer- 
ing Use.” 

High carbon steel, especially when hardened and of thin cross section, may be 
embrittled by chromium plating. This embrittlement can be largely removed by 
heating the part in an oven or oil bath at 300"F. to 500 °F. for about an hour. 
Shorter or longer heating time may be used depending on the composition of the 
steel, the shape of the piece, and the use to which it is put. Such a heat treat- 
ment is desirable for most hardened steel tools. 

In industrial chromium plating the use of insulation resistant to the action 
of the plating bath is especially important. Solid insulators are used for the con- 
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TWO MODERN BLACK FINISHES 



The only potented 2-BATH Process 

(Patent No. 2,192,280) 


BLACK 

FOR 

S7UL 



BLACK 


FOR 

STAINLESS STEEL 
CAST IRON 
MALLEABLE IRON 


The war department specified PENTRATE and PX for 
blackening of many weapons and other important war ma- 
teriel during World War IL In accordance with these orders, 
hundreds of PENTRATE and PX units operated in army 
ordnance camps throughout the U. S. and overseas. Here 
PENTRATE and PX proved their supremacy. 

War-proven applications of PENTRATE and PX point 
the way to hundreds of new peace-time uses. 


• • • 


Write for a Free Catalog 
or 

Send Sample Parts for Free Treatment 



IN CANADA: William J. Michaud Co., Ltd., Montraa 



struction of composite racks holding both the object to be plated and the anode 
in fixed relation to each other. Insulating lacquers are used on surfaces not to be 
plated, and insulated shields are used in a number of ways to control the flow of 
current and distribution and thickness of tKe deposit. 

Some suggested hardness values for the steel foundation metal and thicknesses 
of chromium to be applied for various applications are given below from an un* 


published report of M. Shacat of United Chromium, Incorporated: 



Hordness of Steel 

Thickness of 

Type of Article 

(Rockwell C Scole) 

Chromium 

Drills 

C62 to C64 

O.OOOOS" 

to 0.0005" 

Reamers - 

C62 to C64 

0.0001" 

to 0.0005" 

Burnishing bars 

C60 to C62 

0.0005" 

to 0.003" 

Drawing plugs or mandrels — 

C60 to C62 

0.0015" 

to 0.008" 

Drawing dies 

C62 inside 

0.0005" 

to 0.008" 


C45 outside 



Plastic molds 

C55 to C60 

0.0002" 

to 0.002" 

Gages - — 

C48 to CSS 

0.0001" 

to 0.0015" 

Pump shafts 

CSS to C62 

0.0005" 

to 0.003" 

Rolls and drums 


0.00025" 

to 0.012" 

Hydraulic rams — 


0.0005" 

to 0.004" 

Printing plates 

— 

0.0002" 

to 0.0005" 


(engraved steel) 


POROUS CHROMIUM PLATING* 

By Theodore G. Coyle 

United Chromium^ Inc,, New York, N. T, 

Porous chromium plate is finding increasing use as a bearing surface, especial- 
ly on the bores of cylinders for internal combustion engines, compressors, hydraulic 
equipment, piston rings, and other wearing parts where chromium plate is wanted 
for its superior wear resistance characteristics and its adaptability to salvage re- 
quirements. When the surface of the usual dense or hard chromium plate is broken 
up or “interrupted** to give a series or collection of indentations and prominences, 
it is called porous chromium plate. 

METHODS 

Porous chromium plate may be produced in a number of ways. It may be 
obtained by depositing a chromium plate over a cut, engraved, etched, grit-blasted 
or otherwise suitably indented or roughened surface; and then honing, grinding, 
lapping or polishing this chromium plate of finely irregular surface to give a plate 
made up of tiny peaks and valleys, or “plateaus’* and “channels” with the peaks and 
plateaus flattened and smoothened by the finishing operation. The tiny plateaus, in 
aggregate, constitute the actual bearing surface; and the pits or valleys serve as 
wells or reservoirs for the lubricant. This method may be described as a “mechani- 
cal” method of producing porosity. 

Porous chromium is also commonly obtained by the ‘‘chemical” method; i.e., 
etching the chromium plate itself, after deposition on a smooth basis surface. 

♦No reference is made in this paper to existins: patents relating to porous chromium 
plated articles, their use, or methods of producing them. 
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Magnus Cleaners are made to remove any type oj dirt 
from any metal. 


MAGNUS EQUIPMENT 


MAGNUS CLEANERS 

Specialized Cleaners for every 
type and shape of metal object: 
for aluminum and magnesium 
alloys, in die cast, sheet and 
other forms. Graded compounds 
for alkaline cleaning, in electro- 
cleaning tanks and metal wash- 
ing machines. 



The Magnus Aja-Dip Cleaning 
Machine for far speedier, much 
improved cleaning of any metal 
units with the Magnus Cleaner 
best suited to the job, is a unique 
machine for faster, better results 
by moving the work up and 
down IN the cleaning solution 
many times a minute. Vigorous 
’’shearing" action of the solu- 
tion on the dirt deposit, plus 
constant replacement of fresh, 
active solution at the dirt sur- 
face, insures better cleaning at much lower cost. Built to meet any 
required output. 

The Equipment Division also designs special cleaning machines 
to meet your specific cleaning operations in the production line. 


MAGNUS SERVICE 

The Magnus Technical Laboratory and Engineering Staff, plus the 
personal services of a near-by Field Representative, are at your 
disposal for the solution of all your metal cleaning and finishing 
problems. Inquiries promptly answered. 





Here the plate, indented with pits or 
with a network of fissures or channels 
from the etching, is honed or otherwise 
finished smooth, as in the case of the 
plate deposited on the cut, etched, or 
grit-blasted basis metal, to give a chro- 
mium deposit having throughout its sur- 
face tiny plateaus and pits or crevices. 

Porous chromium can also be ob- 
tained by a combination of the mechan- 
ical and chemical methods. 

Different types of porous chromium 
plate are. shown in the accompanying 
photomicrographs. Figure 1 shows a 
“grit-blast” type porosity of the mechan- 
ical method, obtained by having a regu- 
lar hard chromium plate deposited over 
a gritblasted surface. Figure 2 shows 

porosity by the chemical method of the Fig. 3 x 30 

“pitted” or “pin-point” type, obtained by honing the chromium plate etched after 
deposition. Figure 3 shows porosity also obtained by the chemical method and 
illustrates the “channel” type, obtained by etching and honing after deposition of 
the plate, as in Figure 2, but with the chromium plate deposited under conditions 
which “predisposed” it to development of large plateaus upon subsequent etching 
and honing. 

The preferred “percentage porosity,” or ratio of voids to total surface, is 
about the same for all porous chromium plate produced by the various methods, 
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and depends on the particular application. A range of from about 10% to 60% 
covers most applications, with a porosity depth of about 0.001 to 0.003 or 0.004 in. 
See Figure 4 which represents, schematically, the mechanical type porosity; and 
compare it with Figure 5, which represents porosity by the chemical method. 

PROCEDURES 

Mechanicol Method 

The procedure for porous chromium by the mechanical method requires first a 
proper engraving, etching, or grit -blasting of the basis metal to give a surface which. 
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BUFFS 
BRUSHES 
CHEMICALS 

BUFFING COMPOSITIONS 
PLATING MACHINERY 
Conveyors, Generators, 
Plating and Burnishing 
Barrels, Automatic 
Buffing Machines, 


Chas. F. L^Hommedieu & Sons Co. 

MANUFACTIJIIERS 

Plating and Polishing Ufaohlnery 
Compteie Piaiimg Ptami» itutmtled 
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Accurate, 

Variable Speed Lathes for Polishing 
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Quick Action 
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COMPOSITIONS 
Cutting, Coloring, 
Satin Finish 


BUFFING WHEELS 
Canvas, Cloth, 
and Leather 


Chas. F. L’llommedieu & Sons Co. 

MANUFACTIJREKS of 
Plating and Polishing Maehinery 
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General Office and Factory: 4521 Ogden Ave., Chicago 23, 111. 
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c: 


BASIS METAL SURFACE (A) 

CHROMIUM PLATE SURFACE AFTER HONINo{D) (FINISHED DIMEN^IOW) 
CHROMIUM PLATE SURFACE AFTER ETCHING (C) 

CHROMIUM PLATE SURFACE AS DEPOSITED (b) 

OVER Plate 
DEPTH OF POROS1T> 

SURFACE CRACK IKl CHROMIUM DEPOSIT 

CRACK WIDENED AND DEEPENED BT ETCH1NG,T0 FORM CHANNEL 

CHANNEL NARROWED AND SHALLOWED BY HONING DOWN CHROMIUM PLATE 

SURFACE 


- plateau 


'VOID A 



IOTAL- voids 

V 

total plateaus 


\oo ^''percentage porosity 



basis metal 

CHROMIUM PL^TE AS FINISHED 
CHROMIUM PLATE REMOVED BY HONING 
CHROMIUM PLATE REMOVED BY ETCHINO 


Figure 5» schematic magnified cross-sectional view 
OF porosity by chemical method. 


when chromium plated and honed, will result in a chromium surface of the desired 
percentage porosity, and one having plateaus of suitable size, uniformity, and dis- 
tribution, and channels or pits of adequate depth. The chromium plating itself is 
done according to usual good practice for hard chromium plating, with cleaning 
methods suited to the basis metal being plated, and the racking especially adapted 
to requirements of uniform plate distribution. 

With the mechanical method for porous* chromium there is no critical mini- 
mum thickness of plate, other than the usual wear considerations; the thinner the 
plate, the more faithfully it reproduces the predetermined porosity pattern originally 
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IF IT’S A CLEANING PROBLEM 

SPECIFV KELITE 

and be sure! 

^ ICelite specialized Materials and Rec- 
ommended Methods are recognized 
throughout the metal working industry 
for speed, simjplicity, economy and uni- 
formly fine results. 


Xhere is a full range of ICelite materials for every Metal Proc- 
essing need. Here is a partial list of fields covered: 
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addition to your file. No obligation, of course. 
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put into the surface of the basis metal. As little as 0.001 in. of chromium or less 
would suffice in some instances although thicknesses of about 0.005 in. are more 
commonly used. The exact plate thickness selected would depend on the kind of 
pattern and degree of roughening of the basis metal as well as the application at 
hand. For all thicknesses, about 0.0005 to 0.001 in. “over-plale” is usually required 
to provide stock for honing back to desired porosity pattern at the plate thickness 
where correct finished dimensions are obtained. 

In essence, the mechanical method consists of depositing a good, uniform hard 
chromium plate over a basis metal already etched or engraved to a predetermined 
roughness or porosity pattern, and honing or otherwise finishing this chromium 
plate to give smooth plateaus, while still retaining pits and indentations reproduced 
from the design in the basis metal. 

Chemical Method 

The procedure for producing porous chromium by the second and more com- 
monly used method is referred to as the chemical method because it involves a 
chemical or electrochemical etching of the chromium plate itself, deposited gener- 
ally on a smooth surface; i.e., it does not depend on any roughness or pattern in 
the basis metal. Here the pits, or a fissure network are etched into the chromium 
plate. The conditions under which the chromium plate is deposited determine the 
type and degree of porosity that can be developed on etching. The results on 
etching are controlled by the bath composition and operating conditions of the 
chromium deposition, and thus the plate can be deposited predisposed to a desired 
type of porosity development; for example, to pin-point or pitted porosity, or to 
channel or network porosity. 

Except for the etching step and the need for special attention to plating solu- 
tion conditions as they aftect the deposited chromium itself, the technique in the 
chemical method is the same as that for the mechanical method; i.e., one uses the 
usual cleaning procedures according to the basis metal composition, good “hard 
chromium” plating technique and racking for uniform plate distribution, and hon- 
ing, grinding, lapping, or polishing of the etched deposit for final development 
of the porosity to desired degree and dimension. The minimum plate thickness 
necessary is greater than with the mechanical porosity, since allowance must be 
made for some dissolving or stripping of the chromium on etching and also pene- 
tration of the pores into the plate short of reaching the basis metal; a minimum 
deposit thickness of about 0.004 in. is generally satisfactory. The maximum plate 
thickness is determined by the usual plating limitations but normal thicknesses 
run from 0.006 to 0.010 and 0.015 in. and higher. The requirements for uniformity 
of plate thickness apply here as in the case of the mechanical porosity and for 
the same reasons; i.e., limited depth of porosity and narrowing width of voids 
(reduction in percentage porosity) as plate is removed on honing. 

It should be noted that with the chemical method, etching of the plate in some 
instances may be done after the plate has been honed or ground to size and shape, 
but the usual practice is to etch the plate just as deposited, for better porosity 
development. It is not uncommon, however, to re-etch a plate that has been honed 
after the initial etching, if insufficient porosity remains after the first honing oper- 
ation. Such re-etching is generally followed by a second light honing operation to 
“clean up” the etched surface. 


POROSITY CONTROL 

The control of the porosity produced by the chemical method lies first of all 
in the plate itself; in addition, consideration should also be given to the etching 
and the final finishing after etching. The ultimate result desired, a good, well 
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functioning porous chromium deposit, requires careful and proper regulation of 
these three factors: the plating, the etching, and the finishing; the first with respect 
to predisposition to a desired type of porosity, the second with respect to the 
amount of etching and the third with respect to the amount of plate removal in the 
finishing operation. 

The Plating 

The special attention to plating conditions required in the chemical method is 
due to the fact that chromium plate is predisposed to definite and different types 
of porosity development according to conditions of deposition. Deposited under 
one set of conditions, the plate when etched and honed will produce, for example, 
pitted or pin-point type porosity; under another set, channel or network type; 
under other conditions, channel type with different size of plateaus; and under still 
different conditions, other types intermediate to pitted and channel porosity. Since 
the type of porosity has been demonstrated to be of prime importance in the suc- 
cess of porous chromium plate for certain applications, it follows that the predis- 
position of the plate controlled by plating conditions is of fundamental importance. 

The plating conditions which primarily control the predisposition of the de- 
posit to type of porosity are two: the bath composition, with respect to chromic 
acid-catalyst acid radical ratio in particular; and the plating temperature. Current 
density, within limits, is of slight importance in predisposition of plate, although 
it is of course important with respect to controlling speed and plating accurately 
“to size” as is generally required in porous chromium plating. In the production of 
the channel type of porosity the control factors of ratio and plating temperature 
are closely correlated in controlling the size of the fissure network pattern obtained 
on etching. The plating conditions for the same porosity formation need not be 
identical, but these control factors must be correlated, one changed to compensate 
for a change in the other if predisposition to the same fissure network pattern is to 
be maintained. Within limits, an increase in ratio results in predisposition to a 
larger network pattern; and an increase in temperature also predisposes to an 
increase of the network pattern size. 

While the same porosity result can be produced by various correlations of 
these control elements, actual practice has been largely standardized on two sets 
of conditions, one for pitted or pin-point type porosity, and the other for network 
or channel type porosity. In both cases, a 250 g./l. chromic acid bath is used, and 
a current density of 2 V 2 to SV 2 amp./sq. in. For the pitted type porosity a tem- 
perature of 122° F. and a ratio (CrOg/SO^) of 100/1 to 125/1 are employed. For 
the network or channel type porosity, a temperature of 140 °f\ and a ratio 
(CrOg/SO^) of 115/1 to 125/1 are used. Note that, while ranges are given here, 
each factor is narrowly held for any given set of operations. The temperature is 
maintained within plus or minus 1°F., preferably plus or minus ^/^°F.; and the 
ratio is kept as close as possible to the selected value by means of frequent bath 
adjustments. 

The Etching 

The etching may be simple chemical etching, using anything that will attack 
chromium plate; for example, hydrochloric acid. It may also be electrochemical, 
with cathodic treatment or anodic treatment; any one of these alone, or two or 
three in combination. The degree and control of etching is important however, and 
the electrochemical methods are well adapted to this requirement and widely used. 
In the electrochemical anodic etch, chromic acid is commonly used although other 
materials may be used; in short, anything that will dissolve the chromium. The 
extent of etching in the chromic acid anodic treatment, employing a chromic acid 
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solution with or without sulphate, is usually measured in terms of ampere-minutes 
per sq. in. The temperature is not critical, and neither is the current density, 
which generally ranges from 2 to 4 amp./sq. in. The amount of etching may vary 
considerably depending on the result to be accomplished; that is, whether etching 
need be for porosity development alone or also for reducing plate thickness to 
come within dimension limitations after honing. 

Cathodic electrochemical etching may also be used to develop porosity. The 
electrolytes used may be hydrochloric, sulphuric, phosphoric and oxalic acids, and 
acid and acid salt mixtures. Here, lower current densities are used, and excellent 
depth of porosity is obtained with minimum removal of chromium from plateau 
surfaces. 

The straight chemical etching consists of simply letting a predisposed plate be 
attacked by the etching medium. This may be hydrochloric acid, or hydrochloric 
acid plus an accelerator, or hot dilute sulphuric acid. 

The Finishing 

In control of porosity, the final honing, grinding, or lapping is important from 
the standpoint of amount of plate removal; the more removed the smaller or lower 
the porosity for a given etching. With the channel type porosity, this final honing 
must be controlled for other reasons; i.e., to give good clean cutting of the plateau 
surfaces, and avoidance of undue tearing up or breaking up of the porosity pattern 
which results if honing speeds, pressures and abrasives are too severe. The surface 
finish on the individual plateau should be very smooth. 

A very hard, fast cutting abrasive is recommended, held in a soft or weak 
bonding material. An ahiminum oxide or silicon carbide type abrasive, held in a 
resinoid bond, such as Bakelite, meets these conditions. Where only a single stone 
is to be used, a 180 or 240 grit abrasive is generally satisfactory for pitted or pin- 
point type porosity, and a 400 grit for channel and mechanical types; where two 
stones are used, a rough cut is taken on a 280 or 320 grit stone, and a finish cut 
with a 500 or 600 grit stone. 

While honing is generally preferred where cylinders are to be finished, grinding 
or polishing can also be used. Lapping or sanding is commonly used on piston 
rings. 

The honing or grinding operation leaves dirt and detritus, consisting of par- 
ticles of honing stone and grit and abraded pieces of chromium, in the pores of the 
chromium plate. In many applications this is very harmful if not thoroughly re- 
moved. Ordinary cleaning or degreasing methods are ineffective for complete re- 
moval and, where thorough cleaning of porosity is important, it is accomplished by 
blasting the chromium surface under high pressure using organic solvent or alkali 
cleaner or other washing mediums. Cleaning of the porosity would seem advisable 
in any application, but in some it is impereitive for successful functioning of the 
porous chromium deposit. 


EQUIPMENT 

As indicated in the above, from an operating standpoint the facilities required 
for porous chromium plating are much the same as for good hard chromium plating 
operations. No special solutions, tanks or electrical equipment is required beyond 
that found in a well equipped chromium plating shop. 

The only special equipment, if the job is to be done completely by the plater, 
is the honing, grinding or lapping facilities, where ordinary hand stoning or wheel 
polishing is not suitable. Having the complete job done by the plater is generally 
recommended because of dependency of successful results on the close interrelation 
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and coordination of the honing or finishing operations with the other two principal 
control factors, the plating and etching. 

There should also be available optical iij^pection devices for examination and 
checking of porosity under a magnification ranging from abqpt 5X to SOX. Wfiere 
mechanical porosity is to be produced there would also be needed means of cutting 
01 indenting the basis metal with engraving tools or etching facilities, or grit-blast- 
ing equipment. 

In the plating operations proper, some shops might have to supplement existing 
current control facilities with additional equipment such as tank rheostats or in- 
dependently controlled generators or rectifiers. Similarly, with bath temperature 
being such a critical factor, close automatic temperature control is a necessity; and 
with bath composition (ratio) so important, good practice requires analytical 
laboratory facilities close at hand. 

SUMMARY 

In summarizing, the following should be noted. Porous chromium plating in- 
volves more than producing merely a deposit having pores or crevices. It includes 
consideration of bearing surface design principles and requirements, and each job 
calls for careful analysis, execution and testing. With requirements known, how- 
ever, porous chromium plating is not a difficult procedure from a process standpoint, 
but it is exacting in the same way that a precision hard chromium plating job is 
exacting. The type and degree of porosity are important ; and porous chromium 
plate may be produced by both mechanical and chemical methods. In the latter, the 
porosity is dependent on three principal factors: the plating, the etching and the 
honing; all are interrelated in the final result. Finally, the plating operations 
proper for porous chromium are done in chromic acid solutions with which the 
plater is familiar, and require no special cleaning or racking methods; but condi- 
tions of operations do have to be closely controlled, all of which is accomplished 
with the usual and standard type of plating equipment and facilities. 


ACID COPPER PLATING 

By Dr. A. Kenneth Graham 

Graham, Crowley and Asuocinti s, Inc. 

Acid copper baths are used chiefly in electrotyping, electroforming and for 
immersion copper coatings. With the present tendency toward substantially 
heavier copper deposits as an undercoat for nickel and chromium, it is believed 
that the acid copper bath will be used to a greater extent in the coming year. 
In such applications the acid copper deposit will follow a substantial deposit 
from one of the cyanide baths. A satisfactory composition for general use is as 
follows : 

Solution Conditions 

Copper sulphate Temperature 75 to 120° F. 

(crystals) 27 oz./gal. Current density 15 to 40 amp./ft.2 

Sulphuric acid — 6.5 ” Voltage — 0.75 to 2.0 volts 

Anodes Rolled annealed copper 

More rapid deposition is possible if air agitation is used. In such cases, the 
bath concentration is usually increased, the bath is warmed, and current densities 
of 75 to 150 amp./ft.2 are employed. The anode current density must not he ex- 
cessive otherwise excessive polarization will occur. 
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CYANIDE COPPER PLATING 

By Dr. A. Kenneth Graham 

Graham, Crowley and Associates, Inc. 

CONVENTIONAL COPPER CYANIDE BATH 

Average Composition Conditions 

Copper cyanide 3,0 oz./gal. Temperature 75-100° F. 

Sodium cyanide 4.5 ” Current Density 2.545 amp./ft.2 

Sodium carbonate 2.0 ” Voltage 1.5-2.0 volts 

Metallic copper 2.1 oz./gal. 

Free cyanide (average) - 1,2 oz./gal. 

Anodes — Rolled annealed copper 

This bath may he used for still or barrel plating. Brighter deposits are obtained 
as the free cyanide is increased but the cathode efliciency is decreased under these 
conditions. Hypo (sodium thiosulphate) up to 0.25 oz./gal. is sometimes recom- 
mended to improve the briglitness of the deposit. Smaller amounts are to be pre- 
ferred and over-healing should be avoided as the hypo decomposes to sulphide and 
may cause roughness. Lead carbonate dissolved in caustic soda is also added as 
a brightening agent, hut the very small amount required is not easy to control. 
An excess causes serious difficulty due to irregular results and brittleness. Hypo 
or lead should not be used if the deposit is to be oxidized. For plating cast or 
malleable iron, a lower free cyanide is recommended. 

ROCHELLE SALT COPPER CYANIDE BATH 


Average Approx. 

Composition Limits 

Copper cyanide - 3.5 oz./gal. 3-6 oz./gal. 

Sodium evanide — — 4.6 4-7 * 

Rochelle salt 4.0 ’’ 3-8 

Sodium carbonate 4.0 ” 2-8 ” 

pH - 12.6 ’’ 12.2-12.8” 

Conditions 

Metallic copper - 2.5 oz./gal. 

Free cyanide 0.75 

Temperature - 140-160° F. 

Current density - 20-60 amp./ft.2 

Voltage — 2-3 volts 

Cathode efficiency - - - — 40-70% 

Anodes Rolled annealed copper 

Anode area - 2 times cathode area 

Anode efficiency - 50-70% 


Time to deposit 0.0001 inch at 140° F. — 

at 20 amp./ft.2 approximately 3.6 minutes 
at 60 amp./ft.2 approximately 2.2 minutes 

The conditions given cover the range within which bright deposits may be 
obtained. The higher the temperature, the higher the efficiencies. Agitation has 
little effect upon the cathode efficiency, but shifts the current density range within 
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which bright deposits are obtained. The anode efficiency is improved by agitation. 

The free cyanide and pH must be controlled within close limits if uniform 
results are to be obtained. The pH can readily be raised by small additions of 
caustic soda. An excess should be avoided since it is necessary to add acid to 
lower the pH, and this offers complications due to the liberation of hydrocyanic 
acid gas which is poisonous. The buffer curve, Fig. 1, may be used to estimate 
the amount of caustic required to raise the pH, thus avoiding an excess. Should 
it become necessary to lower the pH, one to one sulphuric acid, tartaric acid oi 
bicarbonate of soda may be used. Frequent additions of tartaric acid for this 
purpose will raise the Rochelle salt concentration to an unnecessarily high value. 
Bicarbonate should only be used if the extra carbonate will not prove excessive 
or where a change of pH is necessary without the liberation of excessive fumes 
In such cases, the bicarbonate should be previously dissolved in water and thor- 
oughly and rapidly mixed with the copper bath. This procedure should also be 
followed where either acid is employed. 

To foM /lofaf 


ConaH^SO^- £I(fuiva/entto Caust/c CC Ga//ort 



To Revise pH 


CousT/cSoeici - On pey- 6a//on 
xcc /go/ of /^cic3f = ojt/go/ of Cousttc 
/approximately 30 CC ^ i ft o^i. 

Buffer curve to estimate the amount of caustic soda required to raise the pH 

The carbonates should not be allowed to rise much above 8 oz./gal. otherwise 
the anode efficiency may fall rapidly at high current densities. On the other 
hand, the carbonates should not be removed below 2 oz./gal. (since iion will be 
attacked). One method of removing carbonates is by chilling the bath and separ 
ating the insoluble carbonate of soda. Another method is by the addition of 
gypsum to precipitate the calcium carbonate. The use of tartaric acid to control 
the carbonate concentration in a Rochelle salt bath has been suggested. If crys 
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tals are added directly to the bath this method is satisfactory, but an excess ol 
tartrates should be avoided. 

It is recommended that at least 5% of the anode area be of iron in order 
to avoid excessive anode polarization at high anode current densities. The ratio 
of soluble to insoluble anode area can be varied to control the metal concentration 
of the bath. To avoid excess attack on the iron and formation of ferrocyanide, 
carbonates must be present in the solution and the pH must not be allowed to fall 
much below 12.0. 

The conditions for bright deposits depend upon an adjustment of the tem- 
perature, current density and agitation. It should be noted that too violent agita- 
tion may be more harmful than none at all. The lower the copper concentration, 
the brighter the deposits, but the efficiency also decreases as the copper is reduced. 
Hypo and lead have both been used as brighteners, but their control is difficult 
and the former decomposes rapidly at the high temperatures employed. A high 
pH, i.e., 12.8, also favors brightness. 

Iron in a Rochelle salt bath in excess of 0.75 g./l. has been shown to seriously 
reduce the anode efficiency and can not be removed. Other impurities such as 
zinc, lead, etc. affect the deposit. Electrolyzing the bath at low temperature and 
low current density (2 amp./ft.2) is an effective method of restoring such a bath. 

The deposits from a Rochelle salt bath can be readily oxidized. Less brush- 
ing is required and a brighter finish is obtained. 

Barrel plating with a Rochelle salt bath is possible. Unless the volume of 
the bath and the anode area are adequate, difficulty is experienced in controlling 
the bath. Temperature control is also very important in such cases because high 
temperatures cause more rapid decomposition and carbonate formation. At high 
anode current densities, the latter may cause serious loss in anode efficiency. 

Steel tanks may be used with cyanide copper baths although rubber-lined 
tanks are preferred. Automatic temperature regulation and chemical control are 
essential for consistent results. 

Bright processes for rapid deposition of copper are available. For details 
regarding these, Metal Finishing should be consulted. 

IMMERSION COPPER SOLUTION 

A satisfactory bath for depositing copper by immersion on iron or steel ar- 


ticles is as follows: 

Copper sulphate (crystals) 1 oz./gal. 

Sulphuric acid - - - - 0.5 


Best results are obtained if the temperature is not allowed to rise. All ar- 
ticles should be cleaned thoroughly before coating. 


GOLD PLATING 

By Joseph B. Kushner 

Metal Finishing Consultant 

In novelty and costume jewelry work the percentage of gold present in the 
plate is of little consequence; the color and appearance of the deposit are para- 
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mount. Thus a plater will speak of a “14 karat plate” when he means the color 
of the gold deposit is that of massive 14 karat gold. The actual amount of gold in 
such deposits usually runs between 19 and 22 karat. There are almost as many 
names for certain of the colored gold finishes as there are platers; the field has 
never been standardized. However, as formulated below, the colored golds can be 
grouped in four main divisions: yellows, whites, greens and pinks. 

YELLOW GOLD 


1. Potassium gold cyanide . — oz./gal. 

Potassium carbonate 1 

Potassium cyanide — 

Temperature - 120-160' F. 

Current Density 5-15 amp./sq. ft. (2-6 volts) 

Anodes — Stainless steel, Nichrome, carbon or combination of any 
of above with gold. 


2 . 


Potassium gold cyanide oz./gal. 

Potassium carbonate - — 1^ 

Di-potassium phosphate IV^ 

Potassium cyanide 1 ” 

Temperature - 140-160° F. 

Current Density 10-40 amp./sq. ft. (5-12 volts) 

Anodes — — As above 

This solution is used for gold flashing. 


3. Potassium gold cyanide — — - oz./ gal. 

Nickel formate - saturated solution 

Temperature — 80-90° F. 

Current density 1.8-2.2 amp./sq. ft. 

Anodes - - - - as above 

Keep solution saturated with nickel formate by having undissolved 
crystals at bottom of tank. The deposit from this solution is a 
pale yellow.* 

*U. S. Pat. #1,924,439 


WHITE GOLD 


1 Potassium gold cyanide % oz./gal. 

Nickel as double cyanide % ” 

Free cyanide — - 0.1 

Temperature 120-130 °F. 

Current Density 40-200 amp./sq. ft. 


Anodes Stainless steel, pure nickel 

Deposits containing 15-20% Nickel can be obtained with this 
bath. A 15% nickel content gives a good white deposit. 


2 . 


Potassium gold cyanide 

Potassium cyanide 

Potassium hydroxide — 

Potassium stannate 

Temperature 

Current density 

Anodes 


1 oz./gal. 

2 ” 

3 ” 

11 % ” 

140-160° F. 

20-40 amp./sq. ft. 
Stainless steel 
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Deposits with tin (iohtetit below 36% show a slight yellow casi; 
greyness of alloys above this percentage can be removed by buff* 
ing. 


GREEN GOLD 

1. Sodium gold cyanide - Yj ozVgal. 

Sodium silver cyanide 0.2 ” 

Free cyanide ^ ” 

Sodium carbonate % ” 

Trisodium phosphate 2% ” 

Potassium sulfite : % ” 

Temperature 120°F. 

Current density 10-20 amp./sq. ft. 

2. Potassium gold cyanide ^ oz./gal. 

Cadmium oxide - ^ 

Potassium hydroxide ^ ” 

Potassium cyanide 2.0 ’* 

Sodium bisulfite ^ ” 

Temperature 160“ F. 

Current Density 10-30 amp./sq. ft. 

Anodes Stainless steel 


The addition of small amounts of soluble arsenic and/or lead com- 
pounds to the green formulations given above darken the green 
shades; excessive admixture of the same produces smutted de- 
posits. 


PINK GOLD 


1 . 


Potassium gold cyanide 

Copper cyanide 

Potassium cyanide 

Temperature - 

Current density — - 

Anodes 


— - — — V 2 oz./gal. 

% ” 

3 ” 

120“ F. 

10-15 amp./sq. ft. (3 volts) 

Stainless steel 


2 . 


Sodium gold cyanide 

Copper cyanide 

Sodium diphosphate 

Potassium cyanide 

Potassium ferrocyanide 

Temperature 

Voltage - 

Anodes 


ANTIQUE GOLDS 


.... Ms oz./gal. 
-- 1% ” 

- 1 % ” 

2M8 

-. Mj ” 

... 1 10-120“ F. 
3 

Stainless steel 


There are several methods for producing antique finishes. One most common- 
ly used in the industry is to first put on a green smut finish from one of the green 
baths to which arsenic, lead or antimony has been added as described above. The 
smut is then relieved by any one of the common methods (bicarbonate td soda rub, 
short time tubbing, etc.) and the work is given a flash deposit in a yellow gold bath. 

A method the writer found of value in producing certain desirable antique 
shades is the following : 
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OJ^ KALA/Vr/XZOO 



VARIABLE SPEEDS 

Single and Two-Spindle 
Lathes — 1500 to 3000 
RPM. Also, single speed 
types. 


CYLINDRICAL FIN- 
ISHING MACHINES 

For Tubes, Rods, Bars 
and Cylindrical Shapes up 
to 9" Diameter. 



A COMPLETE LINE OF 
GRINDING and POLISHING 
MACHINERY 



ROTARY AUTOMATIC FINISHING 

Hammond Rotary Automatics — ^For 
Deburring, Brushing, Polishing, 
Buffing. 


ABRASIVE BELT FINISHING 

Hammond Backstands — Models 3 
and 4 convert any polisher into an 
Abrasive Belt Finishing Unit. 



1603 DOUGLAS AVENUE • KALAMAZOO 54, MICHIGAN 






1. Deposit a light flash of copper on the work. 

2. Dip in a sulphide bath until copper plate is discolored. 

3. Electrolyze as cathode for a few seconds in a mild alkaline solution such 
as 3 oz./ gal. sodium carbonate. This reduces the copper sulphide, forming a heavy 
black smut on the work. Relieve as described previously and then flash in yellow 
gold. 

LILAC GOLD« 

Gold as fulminate ^ oz./gal. 

Potassium cyanide 2 ” 

Potassium zinc cyanide 6% ” 

Temperature 160° F. 

Current density 900 amp./sq. ft. 

*U. S. Pat. #1,905,106 

At a zinc content of 30% the lilac color develops. It is important that the 
work is not agitated as agitation prevents the formation of the lilac or lavender 
color in the deposit. 

The general principles to remember when plating out other metals with gold 

are: 

1. Increasing current density increases base metal content of the deposit (all 
other conditions being the same). 

2. Raising the temperature increases the gold content of the deposit (all 
other conditions being the same) . 

3. Agitation increases the gold content of the deposit (all other conditions 
being the same) . 


INDIUM PLATING 

By M. A. Whitehead 

American Smelting <£■ Reining Co., Barber, N. J . 


Indium is a soft, white, relatively tarnish-resistant metal which melts at 311°F. 
It has had wide acceptance for plating parts used in internal combustion engines, 
and for the development of surfaces capable of resistance to wear and corrosion, 
not only from acids in lubricating oils but also salt spray corrosion. For decora- 
tive purposes, it is possible to obtain a beautiful white finish, resembling silver, on 
steel by first coating the steel with a flash of non-ferrous metal, such as copper, 
brass or silver, and then plating and diffusing a light indium deposit. The diffusion 
is accomplished by heating at a low temperature, providing resistance to corrosion 
and wear and adding to the tensile strength of the alloys. 

The most commonly used solution is the cyanide bath, but sulfate baths are 
gaining popularity rapidly. 


Cyanide Bath:^ 

Indium (as chloride) 

Dextrose 

Sodium cyanide 


SOLUTIONS 


4 tr. oz./gal. 
2 av. ” 

12 ” 
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No longer need plating, degreasing, washing or other 
processing in metal finishing plants depend on rule o' 
thumbi 

Neither is it necessary any longer to make heavy invest- 
ments for intricate control equipment, difficult to keep in 
day-by-day operotion, 

Sarco has demonstrated in hundreds of plating plants 
that very simple, inexpensive controls can do the work — 
when correctly selected and applied. 

Three distinct types are available, tailored to the job 
and ranging from combination trap controls for small 
tonks, to electric control for chromium plating, where tem- 
perotures ore held within Ask for the bulletins on 
Sarco Steam Traps and Control for metal plating and 




The bath is prepared by adding the required amount of water to concentrated in- 
dium chloride solution in which form the indium is usually sold. Sodium cyanide 
is then added. A dark brown decomposition product forms during operation and 
is filtered off and processed for recovery of indium values. Insoluble anodes such 
as platinum, stainless steel or carbon are employed, the solution being replenished 
by additions of concentrated indium chloride solution. Operation is at room tem- 
perature and 10-150 amp./sq. ft., in glass, rubber lined or steel tanks. 


High pH Cyanide Bath: 

A high pH solution, which is more stable than the cyanide bath since the 
metal does not precipitate as the solution ages, has been developed by Mohler.'* 
Indium chloride may be used to provide the metal content in the following: 


Indium _ 

Potassium cyanide _ 
Potassium hydroxide 

Dextrose - 

Temperature 

Current density 

Anodes 


15-30 g./L. 
140-160 ” 

30-40 ” 

. 20-30 ” 

Room temp. 

15-30 anip./s(p 't. 
Steel 


Sulfote Both:^ 

Indium (as sulfate) - . 2.4 tr. oz./gal. (minimum) 

Sodium sulfate 1.3 av. ” 

pH 2.0-2.5 

The bath is prepared by adding the required amount of water to a concentrated 
solution in which form the indium sulfate is usually available. The pH is adjusted 
by sulfuric acid or sodium hydroxide, as required. Since the anode efficiency is 
about 100% and the cathode efficiency will vary between 70 and 80%, combinations 
of indium anodes and insoluble anodes such as platinum or graphite are used. 
Throwing power is rather poor but the solution is simple to niaintain. Operation 
is at room temperature and 20 amp./sq. ft., in glass, rubber lined, lead lined, 
mastic lined and ceramic tanks. 

Fluoborate Bath;'^ 

Indium fluoborate — . 31.5 oz./gal. 

Boric acid 2.9-4.0 ” 

Ammonium fluoborate . 5.3-6.7 

pH (colorimetric) 1.0 

This bath is operated at 70-90°F. with a current density of 50-100 amp./sq. ft. The 
pH is controlled by additions of 42% fluoboric acid solution. A cathode efficiency 
of approximately 75% is obtained under these conditions. The indium may be 
purchased as a 50% concentrate and is diluted to a metal content of 8.8 troy 
oz./gal. for use. Indium anodes will result in an increase of the metal content. It 
is therefore advisable to use carbon or platinum anodes with sufficient indium 
anodes to maintain the metal content constant. 

1. U. S. Pats. 1,965.251 and 1,935,630. 

2. H. B. Linford. Trans. Electrochem. Soc., 79, (1941). 

3. H. Nnrciis. Metal FinishinR, 43 , (June 1945). 

4. J. B. Mohler. Metal Finishing, 43, (Feb. 1945) 
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SHRIVER FILTERS.^ 

Clarify Plating Solutions 
Faster* Greater Capacity 
Easiest to Operate 

Offer These Advantages 


Nickel, Bright 
Nickel, Zinc, 
Chrome, Cyanide 
Copper, Brass, 
Lead Tin, Cadmi- 
um, Silver and 
Electrocolor Solu- 
tions; Coolants. 
Solvents, Varnish, 
Cleaners, Lacquer, 
etc. 


Clarify and purify solutions per- 
fectly, removing all organic mat- 
ter and metallic impurities, oil and 
sludge, using filter aids and acti- 
vated carbon, if necessary. 

I/' Provide maximum filtering area 
and solids holding capacity; hence 
longer filtration cycles, on a con- 
tinuous or intermittent basis. 

Use any filter medium — - wire, 
cotton or wool cloths, filter paper, 
etc. 

Built of any metal, wood, rubber 
or rubber covered metal. 

Flexible capacity — can be en- 
larged or reduced in size. 

K Wide range of portable and sta- 
tionary types; capacities from 40 
to 10,000 gallons per hour. 




I pi f n ' . • m 



Portable filter with lead filter plates 
and frames for high filtration rate and 
large holding capacity of solids, filtei 
aids and carbon; equipped with alloj 
centrifugal pump. 



Portable filter with rubber covered 
filter plates and frames and rubber 
covered Shriver Diaphragm Pump; 
capacity up to 2000 G.P.H. 

Large lead filter in steel plant — 
capacity 3200-4200 G.P.H. 


T. SHRIVER & COMPANY 

814 HAMILTON STREET HARRISON, N. J. 




IRON PLATING 

By C. T. Thomas^ and V. A. Lamb^ 

'1) Foreman, Electrolytic Section, Bureau of Engraving and Printing, Washington, D. O. 
(2) Chemist, National Bureau of Standards, Washington, IK C. 


GENERAL 

Iron plating has limited but increasing uses, which are likely to expand further 
as a result of the current shortages of many metals.- Electroforming is the principal 
application. It is also used for building up worn or undersized machine parts, 
although nickel and chromium are generally preferred. After many attempts, 
electrorefining of iron has not been found economical. Under normal conditions, 
iron has been superseded by nickel and chromium as a hard facing deposit on 
softer metals. 

Iron tubes have been produced in quantity by electroforming. Nickel-faced 
iron plates, electrolytically reproduced from engraved intaglio designs, are used 
in printing government bonds and currency. Experiments have been made recently 
on the substitution of clectrodeposited iron for nickel and copper in letterpress 
printing plates. Increasing use has been made of iron plating for the reproduc- 
tion of molds for various purposes. 

Where it can be used, the low cost of iron gives it a great economic advantage 
over most other metals. Commercial high-purity iron suitable for anodes is avail- 
able for 3c to 4c per pound. Soft, ductile adherent deposits up to a half-inch or 
more in thickness can readily be produced. These machine well and can be hard- 
ened by carburizing or nitriding. They can be readily welded by the usual 
methods. Relatively hard deposits can also be made. These are more brittle, 
and in some cases have a tendency to crack, especially with increasing thickness. 
They can be rendered soft and ductile by heat treatment. The high magnetic 
properties of electrolytic iron may also be useful. 

PLATING SOLUTIONS 
Chloride Boths 

For the production of soft and ductile metal, a concentrated solution of ferrous 
chloride makes an excellent bath. Calcium chloride is usually also present, and, 
although not essential to good results, its use is advised. A recommended formula 


is: 

1. Ferrous chloride 50 oz./gal. 

Calcium chloride - 25 


These concentrations may be varied widely, but the ferric iron content must 
be kept low. This bath must be used hot, at temperatures of 85 '^C. (ISS^F.) or 
higher. For a current density of 60 amp./ft.^, which is generally used, a tem- 
perature of 90° C. (194°F.) is recommended. It has been shown that metal of 
excellent quality can be obtained at current densities as high as 300 amp./ft.^ 
under carefully controlled conditions. Finally, the bath must be maintained in 
a slightly acid condition, which usually requires periodic additions of hydrochloric 
acid. An acidity of approximately 0.01 N HCl (0.365 g. HCl/liter) is used with 
average current densities. This can be controlled most conveniently by means of 
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FOR PLATING CHANGE-OVER! 

QUICK CHANGE OF CIRCUIT CONNECTIONS 

PERMITS CHOICE OF OUTPUT TO MEET 
VARYING PLATING. ANODIZING NEEDS — 

CUTS INVESTMENT IN POWER SUPPLY. 

General Electric copper-oxide rectifiers for 
plating and anodizing are widely used in multiple- 
unit arrangements that offer •‘building block” 
flexibility. Essentially a step-down transformer 
and a rectifier, each G-E self-contained unit 
provides smooth, steady direct current in blo(*ks 
of 6 or 12 volts. 

Output voltage of a single unit, or of a multi- 
ple-unit group, is accurately controlled on tlie 
a-c input side by G-E rectifier control. By sub- 
stituting this “on load” control for tank rheo- 
stats, important power savings are realized. 
Control can be automatic or manual. With G-f] 
automatic control, voltage is maintained within 
plus or minus two per cent, from no load to 


There are many G-E plating and anod- 
izing reclitier and control combina- 
tions of different ratings built to meet 
your exacting needs. For illustrated 
booklet and full infornialion, write 
General Electric Company, Appliance 
and Merchandise Department, Section 
A561-b2> Bridgeport, Connecticut. 


full load. 




GENERAL m ELECTRIC 


pH measurements with a glass electrode. A pH range of 0.6 to 1.0 is satisfactory. 
In a reduced solution the acidity can also be measured by titration with dilute 
alkali, using methyl orange as indicator. 

A new bath or one that has stood idle for .some time will usually contain an 
appreciable amount of ferric chloride. This will be evident from the color of the 
solution, which should be a clear green in the reduced or ferrous condition. The 
color takes on a yellow tinge which deepens to a dark brown with increasing con- 
centration of ferric or oxidized iron. Before use, the bath must be given a reduc- 
ing treatment by adding an excess of hydrochloric acid and allowing it to stand 
overnight or longer in contact with scrap iron or anodes. Warming hastens the 
action. Operating the bath with dummy cathodes also reduces the content of 
ferric iron. 

The rate of oxidation of the bath is quite low. This is especially true if the 
anodes are removed and a sliglit excess of acid is maintained wlicn the bath is not 
in use. Small blocks of rubber floated on the surface have been found by one 
author to reduce this tendency, and also to conserve heat and reduce evaporation 
and spray. The bath is not sensitive to the inorganic impurities usually encoun- 
tered but most organic substances are definitely harmful. With a little experience, 
control of this type of bath will be found easy and simple, especially if it is used 
regularly. Air agitation is likely to cause brittle deposits. 

Another hot chloride solution which was recently described^ has the following 
LMunposilion, operating ranges, and operating characteristics: 


2. Ferrous chloride 26 to 65 oz./gal. 

Manganese chloride — 0.39 to 0.65 

Gardinol w'etting agent . 0.13 ” 

Temperature 160 to 220® F. 

pH 1.5 to 2.5 

Current density 50 to 300 amp./sq. ft. 

Cathode current efficiency 95% 


I he lowest temperature at which ductile deposits can be obtained from this bath 
is about 160° F., and at this temperature the maximum current density is about 50 
amp./sq. ft. It is claimed that the addition of the manganese chloride widens the 
temperature and pH ranges over which ductile deposits may be obtained, and 
results in deposits having a smaller, more uniform grain size. 

Because of the strongly corrosive nature of these baths at high temperature, 
tanks and fittings in contact with the solution must be made of acid-resistant 
materials, or be given an acid-proof coating. Tanks lined with rubber, with acid- 
proof brick, or with both of these, are recommended as containers. Auxiliary 
equipment lined with glass or rubber, or made of materials like high-silicon iron or 
ceramic may be used with proper precautions. 

Even in Armco iron anodes, inclusions are present which do not dissolve, and 
are carried over to the cathode or plating surface, causing rough deposits of poor 
quaLty. Bagging the anodes with pure blue African asbestos cloth filters out 
these particles. Woven glass cloth has been used successfully for this purpose, 
and the use of porous rubber is being investigated. 

The chloride baths described above must be operated at a high temperature. 
The following chloride bath has been found to produce smooth, strain-free deposits 


at room temperatures: 

3. Ferrous chloride 32 oz./gal. 

Potassium chloride 24 ” 
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J. HOLLfinD & sons, Inc. 

Electroplating and Finishing Equipment 
and Supplies 

Quick Deliveries of Guaranteed Equipment 
Right from Stock 


MOTOR GENERATOR SETS 

All Sixes and Types 

Rheostats 50-1500 amperes with or 
without meters. 

V-DRIVE POLISHING LATHES 

Sizes 3-15 horsepower. Complete unit is ball-bearing, 
totally enclosed, Sturdy construction. 

SPRAY PAINTING EQUIPMENT 

Spray guns, Air compressors. Spray booths and 
complete point finishing units. Baking ovens. 


J. HOLLOnO & sons. Inc. 

276 South 9th Street Brooklyn 11, N. Y. 






The concentrations may be varied widely. The iron deposited from this batlj 
at room temperature is brittle, but its ductility increases with a rise in tempera- 
ture of deposition. For deposition on a wax electrotype mold, the upper tempera- 
ture limit is about 35° C. (95°F.). Satisfactory deposits have been obtained at 
temperatures as low as 20°C. (68°F.). Current densities up to 50 amp./ft.2 can 
be used at 35°C. (95°F.). The pH of the bath should be maintained in the 
range of 5.0 to 5.5 by periodic, slow additions of potassium hydroxide solution. The 
pH may be measured with a glass electrode or colorimetrically with bromocresol 
purple. If the latter method is used, a “salt error” correction of approximately 
0.5 pH is involved. Thus, a “true pH” of 5.0 is equivalent to a “colorimetric pH” 
of 5.5. Since oxidation by the air will rapidly change the pH of a sample, a 
freshly withdrawn and unfiltered sample should be tested. This bath oxidizes 
slowly, which results in the formation of a precipitate of ferric oxide. The pre- 
cipitate does no harm in electrotyping applications, and anode bags are usually 
unnecessary. 

The maintenance of the bath is similar to that of the hot ferrous chloride- 
calcium chloride bath described above. If low temperatures are employed, a 
bituminous tank lining may be satisfactory. 

Sulfate Baths 

Sulfate baths have been used for a long time, and still have a limited use. Be- 
cause this type of bath can be used at lower temperatures than the ferrous cliloride- 
calcium chloride baths, is less corrosive, is less subject to air oxidation, and tends 
to give harder deposits, it is well adapted for use in building up machine parts. 
This is its principal role. A simple and much used bath of tliis kind is a con- 
centrated solution of ferrous ammonium sulfate. A concentration of 50 oz./gal. 
of the salt allows the use of a maximum current density, but concentrations less 
tiian this may be used. The content of ferric iron must be kept low, which may 
be done with a reducing treatment similar to that used for the chloride baths, 
except that sulfuric acid is added in place of hydrochloric acid. 

At room temperature a current density of 20 amp./ft.2 is used. Higher tem- 
peratures allow higher current densities. At 60°C. (140°F.) 60 amp./ft.2 may 
be used. The bath may be operated in either a slightly acid or nearly neutral 
condition. In the acid range, acidities may vary from 0.005 N H2SO4 (0.245 g. 
HoSO^/liter) at low temperatures and current densities to 0.02 N 1L>S04 
(0.98 g. H2S04/liter) for rapid deposition. 

Good deposits are also obtained from this bath when operated in the pH 
range of 5.0 to 5.5. The method of pH measurement is the same as that described 
for the chloride bath. The pH may be controlled by making periodic additions 
of ammonia. Addition of a suspension of fresh ferrous carbonate is also reported 
to be a good method of maintaining the pH in this range. In this case, powdered 
charcoal is sometimes added to the bath to reduce pitting. Gentle mechanical 
agitation to keep the ferrous carbonate and charcoal in suspension is desirable. 

Iron Plating on Stereotypes and Electrotypes 

Any of the above described baths may be used for plating on stereotypes and 
electrotypes. The ferrous chloride- potassium chloride bath and the sulfate bath 
have been used with success on an experimental scale. For this purpose, the pH 
range of 5.0 to 5.5 is recommended for the sulfate bath. Adequate cleaning of 
the printing plate surface prior to plating is essential. 

Iron-plated stereotypes have been run for over 1,000,0(X) impressions with no 
apparent wear, and iron-plated copper electrotypes for over 4,000,000 impressions. 
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DARCO 

Purifies Electroplating Solutions 

— GUARDS AGAINST 

• “Ghosts” in plating solutions 

• Spoiled plating 

• Lost production time 

Darco may be used to advantage for periodic puri- 
fication of any plating solution except chromium. 
A number of the newly developed solutions specify 
its use. 

Continuous purification with Darco is recommended 
wherever conditions permit. In many cases continu- 
ous Darco purification is possible even when organic 
addition agents are used in the bath. 

Darco is packed -in convenient 50 lb. and 10 lb. pack- 
ages, carried by representative supply dealers. 


Reg. U. S. Pat. Off. 



DARCO 


DARCO 


This trade-mark identi- 
fies the genuine. Ac- 
cept no packages with- 
out it. 


CORPORATION 

60 East 42nd Street 
New York 17, N. Y. 




Deposition on Wax ond Lend Molds 

The sulfate bath described above cannot be used to deposit iron directly on wax 
and lead molds. The ferrous chloride-potassium chloride bath is recommended for 
this application. 

A modified sulfate bath described recently^ is also recommended for applica- 
tion to wax mold electrotypes. The solution has the following composition and 
operating conditions: 

Ferrous sulfate 33 oz./gal. 

Ferrous chloride 5.6 

Ammonium chloride 2.7 ” 

Temperature 100 to 105 °F. 

pH 4.5 to 6 

Current density 50 to 100 amp./sq. ft. 

The bath is also recommended for plating on stereotypes. In this application a 
slightly lower temperature and pH are used, e.g., 90° F., and 3.5 to 5.5, respectively. 

When either of the above baths is used for depositing iron on wax molds, the 
graphited wax molds (called “cases”) must first be coated with copper by treat- 
ment with copper sulphate and iron fillings or powder, a process known to electro- 
typers as “oxidizing” the cases. Best results are obtained if this process is applied 
twice, or if after one oxidizing treatment the cases are “flashed” in an acid copper 
bath for 1 minute, after which iron is deposited. 

Silvering of the mold by chemical reduction methods with silver spray equip- 
ment has also been used successfully in preparing the molds to receive a deposit. 
On lead mold electrotypes the same treatment is used as for nickel deposition. 

On flat printing plates about 0.004" of iron and 0.002" of copper may be 
used, and on plates to be curved, about 0.002" of iron and 0.004" of copper. All 
tlie nickel and part of the copper commonly used in electrotyping may thereby 
be saved. 


1. W- B. Stoddard, Jr., Trans. Electrochem. Soc. S4, prei rint 5 (1943). 

'i. R. M. Schaffert and Bruce W. Gonzer, Trans. Electrochem. Soc., 84, preprint 25 
(1943). 


LEAD PLATING 

By F. C. Mathers 

hidiana University, Bloomington, Indxana 

GENERAL 

Lead makes a protective coating which is superior to that of any other metal 
against acid fumes and corrosive liquids. This is especially true as regards resis- 
tance to corrosion by sulfuric or hydrofluoric acid. Lead differs from zinc, as a 
protective covering, in that zinc continues to protect even when the coating is 
broken, whereas lead, if broken or pitted, allows the basis iron to rust or corrode. 
This is due to the fact that lead is cathodic to iron just as is copper and most 
other metals. Recent tests, however, seem to indicate that rust which may form 
at pin holes in lead deposits does not tend to spread under the coating as in the 
case of other cathodic coatings. 

Freedom from pin holes rather than thickness or weight of lead per sq. ft. is 
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Pennsalt Products for the 
ELECTROPLATING INDUSTRY 



ALKALINE SOAK CLEANERS FOR PRECLEANING. Dry, free-flowing, 
granular, these cleaners are designed for use in hard water areas 
on both steel and brass. Used principally for cleaning prior 
to electrocleaning and subsequent plating. 

ALKALINE SPRAY CLEANERS FOR PRECLEANING. Designed for 
cleaning steel and brass parts in spray or rotary type power 
washers . . . for removing drawing and buffing compound?- 
cutting, rustproofing and other processing oils from steel, cast 
iron, copper, brass and bronze prior to electrocleaning. 

SOLVENT EMULSION PRECLEANERS. For use in both dip and spray 
equipment. Composed of organic soaps, emulsifying, blending 
and coupling agents extended in an organic solvent. Combined 
with water, they form an emulsion — the cleaning medium in a 
spray washing machine. Also for direct and undiluted applica- 
tions to buflfed and colored metal parts. 

ALKALINE ELECTRO-CLEANERS. These cleaners are for use on a 
variety of metals prior to electroplating. Remove "carbon smut" 
from steel when used with reverse current. Clean brass and 
copper without tarnishing. Used as final cleaning before acid 
dipping and plating. 

ACID STRIPPING AND DESCALING AGENTS. Remove rust, corro- 
sion and scale deposits . . . protect metal surfaces from harmful 
acid attack . . . control acid fuming. Can be used with safety on 
iron, steel, copper, brass, bronze, nickel and their principal 
alloys. Easy to work with. 

ALKALINE STRIPPING AGENTS. For stripping a variety of metallic 
deposits from base metals not harmfully attacked by strong 
alkaline solutions. 

CORROSION-RESISTANT CONSTRUCTION M ATERIAL—PRF Cement. 
A quick-setting, cold-hardening acid, alkali and solvent- proof 
cement for use as bonding material for corrosion-resistant 
brick or tile. Applicable for tank, floor and drain construction. 
Designed for long life in the plating room. 

MINERAL ACIDS FOR PICKLING. Sulphuric . . . muriatic . . . hydro- 
fluoric. 

HYDROGEN PEROXIDE. For use as an anti-pitter and oxidizing 
agent for purifying plating baths. 



SPECIAL CHEMICALS DIVISION 


P E H H . . _ 

MAN T U 


SYLVANIA SALT 

R l.N G C ANY 


jrLJ^jCLjCL. 


1000 WIDENER BUILDING, PHIUDEIPHIA 7, PA. 


New York • Chicago • St. Louis • Pittsburgh • Cincinnati • Minneapolis • Wyandotte • Tacoma 



the criterion for the protective value of lead deposits. Deposits of 0.003" (0.075 
mm.) will usually be impervious, although thicknesses varying from 0.0008" to 
0.12" (0.02-3 mm.) are mentioned as being used. Gray and Blum^ recommend 
0.005", but if resistance to heavy corrosion is necessary, 0.05" or more should 
be used. Lead is malleable and ductile; hence plated articles can generally be 
“worked” without causing breaks. It should also be mentioned that lead is 
cheaper than the other metals. Lead is too soft to resist wear or abrasion and is 
much too toxic for use in contact with food products. Imperviousness of the de- 
posits is of no importance where the lead is used for anti-friction in bearings.^ A 
thickness of 0.0001" will protect^i steel in salt spray for 18-30 hours. 

A review, complete to that date, on the electrodeposition of lead is found in 
Trans. Electrochem. Soc., 23, 153 (1913). Detailed working directions and a 
good bibliography for the various lead baths are given in Metal Industry (N.Y.) 
[now Metal Finishing (N.Y.)] 13, 184, (1915). The recent paper by Gray and 
Blumi gives an excellent discussion and description of lead plating practices with 
both the fliiosilicate and the fluoborate bath. 

Continued research has finally shown that almost any soluble lead salt will 
produce dense, smooth deposits, if the proper organic addition agents are used. 
Difficulties encountered in attempts to use certain lead salts are now known to 
have been caused by not using the right addition agents. Lead plating is not dif- 
ficult. The limited solubility of the lead salts of the more common acids such as 
the sulfate, chloride, and fluoride, and the oxidizing property of nitrates, have made 
necessary the use of lead salts of uncommon acids. 

LEAD FLUOSILICATE BATHS 

The lead fliiosilicate^ batli is not recommended^^ for lead plating because the 
deposits are not as good as those from the fluoborate and, sometimes, a precipita- 
tion of silicic acid and lead fluoride causes trouble. On account of its lower cost, 
the fluosilicate bath is still used for lead refining.5 The composition^^ of the bath 
is not critical, and solution, ready for use, can be purchased from lead refining 
companies. It is not recommended that any plater attempt to manufacture the 
bath — a rather difficult and uncertain process. If this bath is used, the plater 
should remember that plenty of glue — as much as 3 g./l. is important for good 
deposits — and also goiilac, perhaps 3 g./l., is desirable. More of these addition 
agents must be added as needed. The use of 2.5 g. of glue for each 2 lb. of lead 
deposited is recommended.^ 

LEAD FLUOBORATE BATHS 

The lead fluoborate bath^* 9, 10, il, 12, 13 jg generally used for plating. Com- 
pared with the fluosilicate bath, it gives finer grained, denser deposits; it is less sus- 
ceptible to decomposition, and it gives a satisfactory plate directly on iron or steel; 
but it is more expensive. Another advantage is that now a concentrated solution all 
ready for plating except for addition agents and the proper dilution can be pur- 
chased.2 It is better^i^i^ to buy this bath ready for use, except, usually, for addi- 
tion agents, than to attempt its manufacture in the plating room. It is also pos- 
sible to buy2 a concentrated solution of fluoboric acid from which the bath can be 
made by adding the lead carbonate and addition agents. The composition of the 
bath can be varied through wide limits without producing much change in the char- 
acter of the deposits. 

The fluoboric acid, as purchased, contains 42% acid and has a specific gravity 
of about 1.3. A bath from this acid is made up as follows: 
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Fluoboric acid, 42% .... 
Basic carbonate of lead, 


2 PbCOa Pb(OH)^ . 
Glue 


oz./gal. 

g./L 

cc./l. 

42.5 

320 

246 

17.0 

130 


0.03-0.6 

0.2-5 



The final bath has a composition about as follows: 

oz./gal. g./l. 

Lead as fluoborate 14. 105 

Free fluoboric acid 5.3 40 

Glue 0.03-0.7 0.2-5 


If the bath is made starting with hydrofluoric acid, the materials used are: 



oz./gal. 

g./i. 

Boric acid 

14 

105 

Hydrofluoric acid, 48% - 

32 

240 

Basic lead carbonate. 



2 PbC03 Pb(OH)o 

20 

150 


Glue 0.03-0.7 0.2-5 


The lead fluoborate concentration^ should be 16 oz./gal. (120 gms./l.) for ob- 
taining thick deposits. 

The boric acid is added slowly to the hydrofluoric acid, diluted with an equal 
volume of water, in a hal'd rubber or lead vessel. Much heat is developed, hence 
care is necessary, and too rapid mixing will result in the volatilization and loss of 
acid. After the solution is cool, the basic lead carbonate, “white lead,” in the 
form of a thick paste with water, is added slowly with stirring. Much carbon 
dioxide will be evolved, and there is danger of the solution foaming over. After 
the insoluble matter has settled, the clear solution is siphoned off, or filtered, and 
diluted to the required volume. The bath is ready for use after addition of the 
glue. 

The use of goulac, a residue from sulfite paper manufacture, equal in quantity 
to the glue used, improves the deposits. These addition agents produce a precipitate 
which can be removed by filtration or by settling. Some excess of boric acid 
reduces the tendency for decomposition of the fluoboric acid with precipitation of 
lead fluoride. An excess of free fluoboric acid reduces treeing from the corners of 
the cathodes and gives finer grained deposits. 

It has been the experience in this laboratory that more glue than usually 
recommended makes the deposits better. There must always be a compromise 
on the quantity of addition agent because, although smoother deposits are obtained 
with larger quantities, the deposits become darker and more brittle as the addition 
agent is increased. It has been reported that the accumulalions of glue residues 
in the baths finally become injurious. A higher concentration^* ^ of glue than 0.02- 
0.033 oz./gal. (0.15-0.25 g./l.) is said to be detrimental by some platers. 

The current density that can be used depends upon how' thit^k and how ex 
cellent a deposit is desired, the concentration of the solution, and the degree of 
agitation or stirring. Each plater must decide the current density that best suits 
his situation. However, a.s high as 80 amp./ft.^ (8.6 amp./dm.~) can be used 
This writer prefers the lower current demsities and suggests 10 20 amp./ft.- 
(1-2 amp./dm.2) at room temperature. Lead deposited at 0.1 amp. /sq. ft. has bel- 
ter wear resistance® than deposits made at higher curren: densitie.s. 
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SPECIALISTS 
IN FINISHING 


Burring Polishing Buffing 


In field and laboratory service, Lea maintains a staff of 
trained technical men, each with many years of experience 
in problems of finishing metallic and non-metallic articles. 
The War Program brought new problems, particularly in 
the field of Burring, in connection with which the broad 
experience of Lea Engineers proved invaluable. With 
specially-shaped bobs and wheels and special grades of 
Lea Compound, they solved burring and other new finishing 
problems in many plants where time-consuming and costly 
methods — hard wheels, filing, emery cloth, etc. — were 

formerly used. More production 
with much closer tolerances was 
turned out in these plants. Higher 
precision was obtained. 

Lea Finishing Engineers are avail- 
able for consultation on any 
Burring, Polishing, Buffing or other 
finishing problem. 

• • • 

See Other Side for Lea 
Special Products 



THE LEA MEG. CO. 


16 CHERin AVEINIE 
WATER BURY 86, CONN. 


Burriiign Buffiing and Polishing . . . 
Manufacturers and Specialists in the 
Development of Production Methods 
and Compositions 



nOTED LEA PRODUaS 


I Cfl rfl HI Df) II It 11 ' * ■ ^ ^reaseless composition containing abra- 
LCH vU III I U U 111! sives ranging from sharp, fast-cutting grits to 

fine, soft powder for delicate finishes. Many 
grades are available, each best for certain classes 
of work. 

ICQDHII' ‘ ' ^ composition with “no-free-grease”, de- 
LCtf 11 U ll signed primarily for buffing or coloring articles 
which involve cleaning difficulties. It does not 
pack up in the recesses or ornamentations. 

fill ICCI CHIC*'*® glue-base adhesive used (1) as a com- 
plete substitute for polishing wheel glue; (2) as 
a simple precoating material for stronger abra- 
sive bonding on polishing wheels; (3) as a pre- 
coat on sewed buffs and polishing wheels prior 
to the use of Lea Compound. Available in bar 
form. 

II Dfl me Oil cue • ■ ■ chrome-plat- 

llllU llluH VCIld baths. Uniform in size and shape. No me- 
chanical loss. 


addition agent for nickel-plating solu- 
lllLlIt producing bright plated surfaces. Finer 


deposit of metal. Possible to eliminate 
color buffing on small articles. No 
sludge. 


LEfl-ClIlD BRIGHT 
CRomium PROCESS 


Write for details of one of the latest 
acquisitions to the Lea line. 


THE LEA MEG. CO. 


16 CHERRY AVENUE 
WATERBURY 86, CONN. 


AUo Representatives in Connecticut ami Western New England 
for National Manufacturers of Platers* Supplies and Equipment, 


Pure lead anodes, preferably from electrolytically refined lead, should be used. 
The current efficiency is about 100 9^^ and voltage is between 0.1 and 0.2. Cleaning 
of the articles to be plated by sandblasting is better than acid cleaning, and any 
acid cleaning should be very light. Glass vessels are not attacked very rapidly by 
this bath. The plater should remember, if he attempts to make the bath, that con- 
centrated hydrofluoric acid, or its vapor from a hot solution, produces very painful 
burns on the skin. Fluoboric acid and fluoborates do not cause this trouble. 

ALKALINE LEAD BATHS 

A recommended composition^ is: 

oz./gal. g./l. 

Lead acetate 10 75 

Sodium hydroxide 27 200 

Rosin 0.4-1.3 3-10 

A portion of the bath should be warmed'^ with rosin, stirred well, cooled, 
filtered and added to the rest of the bath. Glue can be used but it is destroyed 
rapidly by the hot alkali and must be renewed every 2-3 days. 

The higher the temperature, the better the deposit — 194° F. (90°C.) being 
noticeably better than 176°F. (80°C.). A current density of 10-20 amp./ft.^ 
(1-2 amp./dm.^) can be used, but the lower the current density, the better the 
deposit. The anodes do not dissolve very well; hence the anode current density 
should be kept below 10 amp. /ft. ~ (1 anip./dm.2). These lead deposits do not 
give as good protection to iron as do those from acid solutions. The addition of 
sodium-potassium tartrate (6.6 oz./gal.), is recommended.'^ 

1. Gray and Blum, Trans. Electrochem. Soc., 80, 646 (1941). 

2. Many plating supply companies can furnish lead fluoborate soluticn. 

3. Blum and others, Trans. Electrochem. Soc., 36, 248 (1919). 

4. Reeve,. Trans. Electrochem. Soc., 35. 389 (1919). 

5. Betts. Electrochemical Ind., (now Chem. and Met. Eng.), 1, 407 (1: 03). 

6. Mathers, Trans. Electrochem. Soc., 38, 121 (1920). 

7. Chem. Abst. 36, 4031 (1942). 

8. Wright, J. Electrodepositers’ Tech. Soc., 20, 1 (1945). 

9. Diggin, Metal Finishing, 41, 418 (1943). 

10. Mullin, Monthly Rev., Am. Electroplaters' Soc., 31, 898 (1944). 

11. Beall, Ibid,, 31, 719 (1944). 

12. Bray, Steel, 115. No. 16. 128 (1944). 

13. Narcus, Metal iMnishing, 43, 18<S (1946). 


NICKEL PLATING 

By Derick S. Hartshorn, Jr. 

'The Enthone Co., New Haven, Conn. 

DULL WHITE NICKEL SOLUTION 

Single nickel salts 16 oz. 

Ammonium chloride 3 ” 

Boric acid 4 ” 

Water to make - 1 gal 

Solution Limits: 

For nickel plating at room temperature, double nickel salts are sometimes 


pH, colorimetric 5.4'6.0 

Anodes rolled depolarized 

Temp . .. . 75-85° F. 

Current Density 5-15 amp./ft.^ 

Voltage IV 2 to 2 
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COPPER SULPHATE 
NICKEL SULPHATE 
COPPER OXIDE 



used in place of part of the single nickel salts. However, it is easier to control 
the solution if the ammonium radical is added as NH^Cl. Too great an excess of 
ammonium chloride or double nickel salts will result in precipitation of double 
nickel salts when the solution cools because the latter salts are only moderately 
soluble at room temperature (68°F.), the solubility being 13.9 oz./gal. The am- 
monium radical allows a higher current density to be used than when it is not 
present. 

Operating Notes: 

Pitting can be overcome by the use of hydrogen peroxide in concentrations 
of the order of 1 cc. of 3% peroxide (10 vol.) per gallon of solution. An excess 
may cause brittleness or poor throwing power, but this condition can be remedied 
by heating the solution to 160® F. for about an hour. 

Brittleness of the deposit can be caused by impurities, too low solution tem- 
perature, too high current density and too high pH. 

Dirt pitting can be overcome by bagging the anodes and filtering the solution. 

A rapid rise in pH may be caused by a low boric acid content, low cathode 
efficiency (solution low in metal) or by the drag-in of alkali from cleaner or 
cyanide dip. A rapid drop in pH may be caused by a low boric acid content, low 
anode efficiency (low chloride content), or by the drag-in of acid from poor 
rinsing of the work after acid dipping. 

Lowering of the pH can be done by adding hydrochloric acid (if the chloride 
is low) or by adding sulfuric acid. The best way to determine the amount of 
acid required, is to titrate a standardized dilute acid into a small sample of the 
solution until the desired pH is obtained, and then calculate the amount of acid 
required for the entire tank. The pH can be raised by stirring in nickel car- 
bonate or hydroxide and then filtering and readjusting the pH with acid, if too 
high. Ammonia should only be added if the ammonium chloride content is low, 
and then an amount equivalent to 3 oz./gal. of NH^Cl only, can be used. The 
chloride can then be added using nickel chloride. 


BARREL NICKEL SOLUTION 


Single nickel salts 20 oz. Water to make 1 gal. 

Ammonium chloride - 4 ” Temp. , 75-90° F. 

Boric acid 4 ” pH, colorimetric 5.4-6.0 


DIE CAST NICKEL 

For plating on zinc and its alloys directly, the following solution is employed 
where heavy deposits are not required. The deposits are brittle and tend to crack 
when applied in greater thickness. 


Single nickel salts - - 

Sodium sulfate, anhydrous 

Ammonium chloride 

Boric acid 

Temperature 

Current density 

Voltage — 

pH, colorimetric 


10-15 oz./gal. 
10-15 ” 

2 ” 

3 ” 

Room temp. 
10-35 amp./ ft.^ 
2-3 volts 
5.8-6.2 


If crystal sodium sulfate is employed instead of the anhydrous form, double 
the amount. 
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TANKS 
TANK LINING 
TANK HEATERS 


tanks for: 

CLEANERS 
PICKLING 
ANODE PROCESS 
BLACK FINISH 
CHROME PLATING 
DIPPING BASKETS 


heal by: 

STEAM COILS 
STEAM JETS 
GAS or OIL 
HEAT EXCHANGERS 
NOCORODAL (Carbon) 
UNITS 



Rubber lined tank complete with 
exhaust hood for muriatic 
acid pickling. 

LEAD ANODES 

HEIL SAWTOOTH 
Flat 

Special shapes 


o 

^'PLASTOLINE^^ Tank Lining Moferial 

HEIL ENGINEERING CO. 

12901 Elmwood Avenue Cleveland 11, Ohio 



WARM NICKEL (WATTS TYPE) 

Single nickel salts 25-45 oz./gal. Temp. 120-160'’ F. 

Nickel chloride — — 6-9 ” Current density . 15-50 amp./ft.2 

Boric acid 4-6 ” colorimetric — . . - 5.2-5.8 

Nickel solutions should be put preferably in rubber-lined tanks, as lead-lined 
and pitch-lined tanks may lead to contamination of the solution, particularly the 
latter if wetting agents are used in the solution. 

If wetting agents are used to control pitting, brittleness of the coating should 
be watched both from the wetting agent and its decomposition products. Activated 
carbon treatment will usually remove most of the materials causing brittleness if 
they are of an organic nature. 

Agitation of the work or solution will enable considerably higher current 
densities to be used, particularly if the work is agitated. Agitated solutions should 
be filtered continuously or regularly to remove solid matter that may cause rough- 
ness. 

Rapid pH changes may be due to the causes outlined for the cold nickel 
solution described above. 

SEMI-HARD NICKEL‘D 

40 oz./gal. Anodes 99-f-% 

4 ” Temp. 140° F. 

2.0 Current Density 20-100 amp./ft.2 

230-260 


HARD NICKEL^ 

Single nickel salts 24 oz./gal. Anodes - 99+% 

Ammonium chloride 3.3 ” Temp. — 120-140° F. 

Boric acid — - — -4.0 ” Current Density 25-50 amp./ft.^ 

pH, colorimetric 5.6-5.9 

Hardness (Vickers) 380-500 


Operating Notes: 

Higher pH, higher current density and lower temperatures will result in harder 
deposits. Lower pH, lower current density and higher temperatures will result in 
softer deposits. 

Hard and semi-hard nickel deposits are used where a deposit is required which 
is tougher and less liable to crack and peel than is chromium, yet where the ex- 
treme hardness of chromium is not essential. They are also used for corrosion and 
wear resistance. 

REFERENCE 

^International Nickel Co., Inc., Instruction Sheets, 1941. 


Nickel chloride 

Boric acid 

pH, electrometric 

Hardness (Vickers) 
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All MICCRO products have been developed in the research laboratories 
of Michigan Chrome and Chemical Company. They are approved and 
enjoy the widest usage throughout the plating industry. Whatever your 
plating problems you’ll find MICCRO products will solve them. Write 
for detoiled information on any of the items listed here. 


^ PROTECTIVE COATINGS FOR PLATING RACKS 




A thermostatic air-dry rack coating for all plating 
cycles and phosphate coatings. Resistant to all plating 
solutions. May be dipped, brushed or sprayed. 



An extruded tape offering unexcelled protection for 
plating racks and for masking parts prior to selective 
plating. Unaffected through all plating cycles. 




An extruded tubing for use on straight br bent contact 
wires and selective plating of simple parts. Will fuse 
with Miccrotape into a perfect leak-proof coating. 




A new heat-cured rack coating with the character- 
istics of live rubber. Chemically resistant. Won't crack 
or peel. Cuts cost to a minimum. 


ir FOR DECORATIVE METAL FINISHES 


liliiiiliiAi; 


A mirror finish, water-white lacquer. Protects the finest 
of polished plated metals. Unexcelled for adhesion, 
flexibility and abrasion resistance. Can be dipped, 
brushed or sprayed. 


Funw Itoix liHiCAra) im caim 

epOGAfOt lUED 





MICCRO Products Devel- 
oped and Manufactured 
by fcxperienced Platers 


Used Throughout the Plating Industry for 
PROTECTION OF PLATING RACKS, TANKS, ETC * ALL PLATING 
AND FINISHING OPERATIONS AND RUST PREVENTION 


^ FOR HARD CHROMIUM PLATING 




A new improved stop-off lacquer for masking machined 
parts for hard chromium plating. Has exceptional pro- 
tective qualities. Good dielectric strength. Air dries 
rapidly. Can be dipped, brushed or sprayed. 


it FOR SELECTIVE NITRIDING 


MIGCROLLOY 


A new plate for selective nitriding. Affords positive 
protection. Impervious to all nitriding conditions. 
Eliminates all rejects. Easily removed after nitriding. 


it FOR HARD CHROMIUM PLATING OF PLASTIC 
MOLDS AND DIES 




A new super-finish. Produces high luster castings. 
Eliminates re-polishing, corrosion and discoloration. 
Prevents material adhesion. Reduces wear and pre- 
serves mold finish. 


it INDUSTRIAL CORROSIVE RESISTANT 




For use on ail plating equipment, structural steel, walls, 
floors, pipe lines, air ducts, etc. Compounded from 
thermoplastic resins. Equally effective on concrete and 
wood. 


Miccro Piodncts Foi Sale by 33 Leading Suppliers 


Baker, M. E. Company Cambridge, Mass. 

Beam-Knodel Company New York, New York 

Buchanan, Wm. Supply Co.. Cincinnati, Ohio 

Dovies Supply & Mfg. Co St. Louis, Missouri 

Donald Sales & Mfg. Co Milwaukee, Wisconsin 

Forbes, W. D. Company .... Minneapolis, Minnesota 

Handlan Inc St. Louis, Mo. 

Hoosier Supply Company Indianapolis, Indiana 

LaSaico, incorporated St. Louis, Missouri 

Latex Seamless Products Co Los Angeles, Calif. 

Lea Manufacturing Co Waterbury, Conn. 

Leighte, L. N. Company Chicago, Illinois 

Lynch, A. J. Company San Francisco, Calif. 

MacDermid Incorporated Waterbury, Conn. 

Miller, J. C. Company Grand Rapids, Mich. 

Plater’s Supply Company Cleveland, Ohio 

Plating Products Company Newark, New Jersey 


Reynolds-Robson Supply Co Frankford, Pa. 

Scobell Chemical Company Rochester, N. Y. 

Sommers Bros. Mfg. Co St. Louis, Mo. 

Stevens, Frederic B., of Canada Ltd 

Windsor, Ontario 

Stevens, Frederic B., Inc Cleveland, Ohio 

Stevens, Frederic B., Inc .Detroit, Michlgon 

Stevens, Frederic B., Inc Buffolo, New York 

Stevens, Frederic B., Inc New Haven, Conn. 

Stuti, George A. Mfg. Co Chicago, Illinois 

Sundmark Supply Company Los Angeles, Calif. 

Udylite Corporation Chicago, III. 

Udylite Corporation Cleveland, Ohio 

Udylite Corporation Detroit, Michigan 

Udylite Corporation Long Island City, New York 

Wagner Brothers Detroit, Michigan 

Wagner, A. T. Company Detroit, Michigan 




IRONS W STEELS 
JEIAl PROCESSED! 
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BUCK NICKEL PLATING 

By John G. Poor 

Van (ier IJorst Corporation jaf America, Glean, N. 

GENERAL 

Black nickel must be considered as a purely decorative finish and should not 
be directly applied to ferrous base metals as a corrosion resistant coating. The 
deposit cannot be considered to be metallic and does not exhibit appreciable 
ductility nor malleability which are properties common to most metals. Very thin 
deposits will withstand moderate bending tests and are sufficiently adherent to be 
of practical value. Heavy deposits can be readily obtained in warm solutions; 
however, they are liable to chip or flake off on bending or impact. 

Tn finishing ferrous base metals, regular specification coatings of metals such 
as nickel, cadmium or zinc should first be deposited to meet corrosion resistance 
reejuirernents. Black nickel may be deposited over copper, nickel, brass, cadmium 
and zinc or electrodeposits of these metals. Uniformly lustrous and smooth de- 
posits are comparatively easy to obtain over cadmium and zinc and such coatings 
are quite adherent as shown by bending tests. Over regular while nickel coat- 
ings, the apparent adhesion is not quite as good and more careful control of 
operating conditions is required for uniform, smooth, black deposits. Deposited 
over nickel, the finish is more resistant to scratching and marring than when 
deposited over relatively soft metals. 

EQUIPMENT 

Rubber lined steel tanks are most suitable for black nickel plating. Tank 
capacities should be extra large relative to the volume of work to be plated so 
that the composition of the hath as a whole will change less rapidly during use 
and require fewer analyses and additions for its maintenance. 

Temperature control is especially important. Suitable means for heating the 
sol III ion and maintaining temperature within rather close limits is almost essential. 

Tlie current density range within which good deposits can be obtained is 
comparatively narrow so that adequate rheostats and meters are necessary. Separ- 
ate current supply for black nickel plating is sometimes desirable where main bus 
bar voltages fluctuate because of the addition or withdrawal of heavy current loads 
at other plating tanks. 

Plating racks and the contacts inside plating barrel cylinders should be 
stripped of their black nickel deposit at the end of each plating cycle so as to 
insure good electrical contact with new batches of work. Strong hydrochloric acid 
or an acid bright dip, such as is used for brass, will strip the deposit vei7 readily. 

Anodes 

In solutions operated at room temperature and at relatively high pH values, 
gas carbon anodes seem to be the most satisfactory. Stainless steel anodes may 
also be used or a small proportion of nickel anodes may be used along with the 
insoluble anodes. 

Tn watm solutions at lower pH values, regular 99-f-% nickel anodes are used 
with, or without, other insoluble anodes. Under the latter conditions, nickel 
anodes are less apt to become coated with difficultly soluble corrosion products and 
the volume of sludge accumulating in the bath is reduced. 

Agitation 

Agitation of the work or of the solution is not generally necessary except 
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ARE YOU MANUFACTURING 
“REJECTS”? 

You will if you attempt to run die 
castings through your Polishing and 
Plating operations without a rigid pre- 
liminary inspection. Reject all “Cold 
Shots’^ insist on smooth castings. 

• 

Then, purchase your polishing and 
plating supplies from the folks who 
have tho practical “know how” and 
are equipped to render service when 
required. 

Pol - O - Plate Products 

2000 West 14th Street 

CLEVELAND 13, OHIO 



where baths of low concentration are operated at higher current densities. If 
agitation is used, great care should be taken to prevent aeration of the solution 
which invariably causes pitting of deposits. 

SOLUTIONS 

The solution composition given under formula No. 1 is especially recommended 
because a better knowledge of its operating range and characteristics has been 
obtained. Furthermore, the higher initial concentration of bath constituents per- 
mits a longer period of satisfactory operation before replenishment becomes 


necessary. 

Formulo No. 1 

Single nickel salts — 10 oz./gal. 

Double nickel salts 6 ” 

Zinc sulfate, crystals 5 ” 

Sodium thiocyanate 2 ” 

Formula No. 2 

Double nickel salts 8 oz./gal. 

Zinc sulfate, crystals 1 ” 

Sodium thiocyanate 2 ” 

Formula No. 3 

Double nickel salts 12 oz./gal. 

Zinc sulfate, crystals 3 ” 

Sodium thiocyanate 0.5 ” 

Boric acid - — 2.0 ” 


It is recommended that bath constituents be maintained within 10% of the 
values given in the above formula. The concentration of zinc sulfate and sodium 
thiocyanate fall more rapidly below proper limits and must therefore be more 
frequently determined by analysis. If these deficiencies are not corrected by 
proper additions, deposits will tend to be grey. Boric acid may be added to 
formula No. 1 as a buffering agent; however, satisfactory deposits are then ob- 
tained at lower pH values and within more narrow ranges of temperature and 
current density. 

Operoting Conditions (all formulas) 

Temperature ^75-95 ®F. 

pH — * 5.8-6.1 electrometric, quinhydrone 

Current density .0.5-1.5 amp./ft.2 

Plating time 20-40 minutes 

Under these conditions, and especially with insoluble anodes, the pH value 
will drop as the bath is operated. Ammonia or nickel carbonate is added to main- 
tain the pH value within proper limits. 

Operation at too low a temperature may result in rough or burned deposits 
and reduces the current density at w'hich satisfactory black deposits can be ob- 
tained. Too high a temperature at a given current density results in the deposi- 
tion of grey or of powdery grey coatings. 

Deposits may be either soft or light in color if the pH value is too low, while 
basic zinc salts may be precipitated in objectionable amounts when the pH value 
is excessively high. 

Operation at too high a current density at a given temperature will cause rough 
or burned deposits. 
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ALSOP “Sealed -Disc” Filters 

meet plating room requirements 


FILTER REQUIREMENT 

1 SPECIFICATIONS 

LIQUID TO BE 
^FILTERED 

Practical, ly every type of electroplatliig 
solution In both continuous and still tank 
installations . 

IMPURITIES TO 

BE REMOVED 

Dust, rust, sludge, all minute particles 
of suspended matter and sediment which 
might collect on work and spoil an otherwise 
perfect finish . 

CAPACITY 

OF FILTER 

To be used on our smallest to our largest 
tanks. Under certain conditions consider 
using small individual filters for each 
tank . 

FILTER 

CHARACTERISTIC 

Should be portable and easily moved from 
one tank to another and cleaned with a 
tiiinimum of labor and time by our roost 
inexperienced help. Motor, pump and bear- 
ings must be protected from damage caused 
by spilled or splashed liquid. 

FLOOR SPACE 
REQUIREMENT 

Due to extremely crowded conditions, filter 
should not require more than a 9" x 20” 
floor space for a 600 g.p h capacity. Or 
other sizes in proportion. 

OPERATION 

REQUIREMENT 

Filter must be ready for Instant use, also 
foolproof so that it is impossible to put 
any plating unit out of commission due to 
faulty filter operation. 

NO LIQUID 
LOSSES 

Filter should be completely sealed - to 
eliminate dripping or leaking. Due to 
corrosive action, all valves requiring 
packing should be elltninated. 

TYPE OF 

FILTER 

The new "Sealed-Disc” Filter made by Alsop 
Engineering Corporation fulfills all of 
the above requirements and should be given 
your most careful consideration. 





Fi/fers^Ff /ter Discs $ Sheets -Mixers •Aqlfafors, 
46 Meriden Road, Milldole, Connecticut 



The Alsop Filter was de- 
signed especially to meet 
the most exacting filter re- 
quirements on praclicady 
all types of plating installa- 
tions and that is why thou- 
sands of them are doing a 
perfect job in plating 
rooms, large and small, all 
over the world. They do 
not require filtering pow- 
ders or slurry mixing tanks. 

Check your Filter Requirement 
Specification Chart and note all 
of the outstanding features of the 
New “Sealed-Disc” Filter. 

Write us today giving details of 
solutions to be filtered, there’s no 
(»bligation. or contact your reg- 
ular Plating supplier. 



Other Operating Conditians ( Formula 1 ) 

Satisfactory deposits can be obtained in considerably less plating time using 
the following operating conditions: ^ , 


Temperature 120']30'’F. 

pH ^5.6-5.9 electrometric, quinhydrone 

Current density -5*20 amp./ ft,2 


Under these conditions and with a large proportion of nickel anodes the pH 
value rises. Sulfuric acid is added to maintain the pH within proper limits. 

GREY DEPOSITS 

Very smooth, adherent, grey deposits can be obtained using solution formula 
No. 1 under the following conditions: 


Temperature 120-130° F. 

pH -.5.6-5.9 electrometric, quinhydrone 

Current density .-0.5-2.5 amp./ft.'*^ 


PLATING METALS OF THE PLATINUM GROUP 

PALLADIUM, PLATINUM, RHODIUM 
By Dr. K. Schumpelt 

Baler <£ Co., Inc., Nfivark, N. J. 

PALLADIUM 

Both the old PfanhaUvser formula as well as the Keitel and Zschiegner formula 
can be used for making palladium solutions. A palladium salt corresponding to 
the platinum diammino nitrite is used in the latter case. Good palladium deposits, 
however, can be obtained only at voltages below the gassing point; about 1.2-1.5 
volts. The acid chloride bath of Wise and Vines is suitable for heavy deposits. 

1. Diammino-nitrit'e Baths: 

Palladium ammino nitrite - -- 8 grams 

(Dissolved in small amount of ammonia) 

Ammonium nitrate - - - 100 ” 

Sodium nitrate — ^ 10 ” 

Water . 1 Liter 

If the solution is operated with a pH above 7 by the addition of ammonia, the 
deposits become smoky rather quickly, but heavier deposits can be built up by 
means of intermittent scratch brushing. If the pH is below 7 the deposits have a 
tendency to be brighter, but the danger of peeling increases. 


2. Sodium Palladium Nitrite Bath: 

Sodium palladium chloride 10 g./L. 

Sodium nitrite - 10 ” 

Sodium chloride - — 50 ” 


The solution is prepared by dissolving the palladium salt in about 500 cc. of 
water, after which the sodium nitrite is added. The sodium chloride is finally 
added and the solution diluted to 1 liter. The bath is operated at about 50° C. and 
10 amp./sq. ft. requiring about 1.2 volts. Palladium anodes are used and the effi- 
ciencies of anode and cathode are about 100%. The pH should be maintained at 
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Tanks... Piping... Fume Duct...macfe of the 

NEW HAVEG "60" 

defy corrosion by 


for CLEANING, DEGREASING, PICKLING, PLATING 



Haveg *’60” is completely resist- 
ant to most of the new compounds 
being offered for the latest metal 
cleaning processes... Haveg ”60” 
has been especially approved for 
use with the bright nickel solu- 
tions. Haveg ”60” is the newest 
grade in a family now numbering 
four, which provides a complete 
range of standard size molded 
plastic chemical equipment for use 
with acids, solvents and alkalies. Seamless, one-piece tanks as large as 10 feet in 
diameter by 12 feet high are readily and economically molded by Haveg. 


WRITS TODAY for Haveg Bulletin F-4. It gives complete data on the chemical 
resistance of all four grades of Haveg . . . details constructional features . . . tab- 
ulates all standard size tanks, piping, fume duct, towers, pumps, valves and spe- 
cial equipment. A special insert gives complete data on the NEW HAVEG "60“. 




HAVEG CORPORATION 

NEWARK, DELAWARE 
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CLEVELAND 14 

CHICAGO II 

DETROIT II 

LOS ANGELES 13 

550 Leader Building 

1201 Palmolive Building 

2832 E. Grand Blvd. 

601 W. Fifth St. 


102 






4-5 by additions of hydrochloric acid or sodium carbonate, as required. The de- 
posits stay bright for a long time, and if a slight cloudiness appears it can easily 
be buffed away. 

3. Acid Chloride Both: 

Palladium (as chloride) 50 g./L. 

Ammonium chloride 20-50 ” 

pH (glass electrode) 0-0.5 

Temperature 50 °C. 

Current density 10 amp./sq. ft. 

The palladium chloride may be prepared with a porous pot or by dissolving 
in aqua regia, followed by boiling to remove excess acid. Palladium anodes are 
used and the anode and cathode deficiencies are about 100%. Agitation is desir- 
able and buffers such as oxalic, phosphoric, acetic, boric, citric, tricliloracetic and 
monochloracetic acids may be used. 

U. S. Pat. 2,336,821. 

PLATINUM 

The oldest known platinum solutions date back to a French patent issued 
to Pilet (1884). Based on this patent, Pfanhauser recommends the following 
formula: 

Water 1 liter 

Ammonium phosphate (secondary) 20 grams 

Sodium phosphate (secondary) 100 ” 

Platinic chloride H 2 PtClg 6HoO 4 ” 

(equivalent to about 1.5 grams of metal) 

Voltage 3-4; current density 9.3 amp./ft.2 (1 amp./dm.2) 

Temperature 70-90° C. 

This solution has to be boiled until the original orange color has turned 
into a pale yellow, indicating the formation of a complex ammino-phosphate. 
For bright flash deposits, a pH of 7 or slightly below is recommended. For 
heavier deposits, an excess of ammonia is advisable. 

The rate of deposition is rather low, about 8 milligrams per amp. minute 

in a new bath. The efficiency drops with use to about 4 mg. per amp. minute. 

This solution is replenished by the addition of platinic chloride and of course 
has to be boiled after each addition keeping it ammoniacal all the time until the 
color is a pale yellow. 

Due to the rapid accumulation of chloride, the useful life of this bath is 
very short. 

Better results are obtained with the so-called “Platinum P-salt,” a platinum 
diammino nitrite of 61% metal content. 

Keitel & Zschiegner recommend the following formula: (Baker & Co., U.S.A. 
Patent No. 1,779,457; U.S.A. Patent No. 1,779,436). 


Ammonium nitrate 100 grams 

Sodium nitrite 10 ’’ 

Platinum as diammino nitrite 10 ” 

Ammonia 50 cc. 

Water - — „ 1 liter 

Voltage 4.5; current density 55-120 amp./ft.^ 

(6-13 amp./dm.^) 

Temperature 203 °F. (95°C.) 


103 



This solution Covers very quickly and the throwing power is lair. For the 
building up of heavier deposits, a lower voltage of 2.4 volts and 55 amp./ ft." 
(6 amp./dm.2) is recommended. 

The bath is replenished with platinum P-salt dissolved in ammonia and no 
accumulation of salts lakes place since the nitrite radical with ammonium nitrale 
forms water and nitrogen which is given off in gas form. Tliese solutions have 

an almost unlimited life if kept free from contamination with base metals. 

RHODIUM 

The use of straight rhodium chloride or sulphate does not yii Id very satis- 
factory plating solutions. Rhodium for plating purposes is usually sold in iorm 
of ready prepared concentrated solutions which in most cases contain the metal 
in form of an acid phosphate complex. 

Two types of solution are most widely used : 

1. The Sulphate Type: 

Sulphuric acid, cone. 35 grams (about 20 cc.) 

Metallic rhodium as prepared solution 2 grams 

Water - 1 lifer 

Temperature 110-120'’ F., current density 10-80 amp. /If." 

Voltage - 21/2 fo 5 

2. The Phosphate Type: 

Phosphoric acid, 85% - - - 10-40 cc. 

Rhodium metal in prepared form 2 grams 

Water 1 liter 

Current and temperature conditions are approximately the same as for the 
sulphate type bath. This latter type of solution is preferred in all cases where 
white metal (tin alloys) or soft soldered merchandise is to be plated. 

Insoluble anodes of platinum are used with this bath and the replenishing 
is done by adding the prepared rhodium solution to the bath. This procedure, 
of course, will gradually increase the acid concentration of the hath. This, how- 
ever, has no bad effects except a slight decrease in the rate of deposition. 

The rate of deposition varies from about 2 to 4 or 5 mg. per amp. min. 
according to the manufacturers’ specifications. 

Tn all cases, a good nickel deposit should be applied before rhodium plating. 
This is particularly important on white metal (tin alloys) and soft solder; other 
wise a dark and streaky deposit will result. 

A substantial nickel underplate increases the wearing qualities of rhodium 
plated articles which are subject to hard use or high temperatures. 

In mo.st cases, the rhodium deposit is only a light flash plate. In cases 
where better wearing qualities are desired, 1 milligram of rhodium per sq. inch 
seems to give good results; such deposit would have a thickness of about 0.000005". 
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NEED PLATING OR* 
FINISHING ROOM SUPPLIES 
AND EQUIPMENT 


L 

LASALCO CAN fORNtSN THCSe: 


7i 


♦PLiting liurrels: 

♦Utility 
♦Bull’s Eye 
♦Richards 
^Intermediate 
♦Burnisliing Barrels 
♦Tumbling Barrels 
♦Cusliioned Belt Grinders 
♦Electric Sawdust 
Tumblers 


EQUIPMENT 

♦Full Automatic 
Machines 
♦Serni-Autoraatic 
Machines 
♦Hard Chrome 
Equipment 

♦Anodizing Equipment 
♦Magnesium Treiuing 
Equipment 

♦Descal ing Equipment 
^Blackening Equipment 

’^'Manufactured by Lasalco, Inc. 


Rot o Tumbling Barrels 
♦Special Plating Ma- 
chines to meet any 
requirement 
Sangamo Araperehour 
Meters 
Chandeyssan 
General jrs 
GE Recti tiers 
Rheostats 
Degreasers 


CHEMICALS AND 

Nickel Salts Scratch Brushes 

Chromic Acid Scrub Brushes 

Sodium Cyanide Sawdust 

Copper Cyanide Maizo JMeal 

Zinc Cyanide, etc. Copper Wire 

Cadalyte Cadmium Insulating Steam 

Solution Joints 


Zin-O-Lyte Zinc 
S<dution 

DuPont Hi-Speed 
Copper 

MacDerinid Cleaners 
and Solvents 
Dipping Baskets 


Scratch Brushes 
Scrub Brushes 
Sawdust 
Maizo JMeal 
Copper Wire 
Insulating Steam 
Joints 
Test Sets 
Plating Racks 
Stop-Oir Lacquers 
Rack Lacquers 
♦BulTs and PtJi.shing 
Wheels 
♦Tripoli 


SUPPLIES 

♦White Finish 
♦Chrome Composition 
♦Emery Cake 
♦Grease Stick 
♦Stainless Steel 
Composition 
♦Crocus 
Anodes: 

Nic:kel Cadmium 
Ch)pper Lead 
P.rass G )ld 

j Q Zinc Silver 


_ LASALCO, INC 
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SILVER PLATING 


By N. E. Promisel 

Bureau of Aeronautirs, Nary Deyt., Washiriyton, J>. C. 


GENERAL 

Silver can be plated from a variety of baths, such as the thiocyanate, 
thiourea-nitrate, and iodide, hut except in special cases, the cyanide type is uni- 
‘'♦‘rsally used. The fundamental constituents of the latter are silver, sodium or 
potassium cvanrde in excess of that needed to keep the silver dissolved (called 
“free cyanide”), and either potassium or sodium carbonate. More recently, the 
addition of potassium nitrate has been used in some cases to replace the carbon- 
ate. A solution containing these substances, when properly operated, gives 
smooth, adherent, matte white deposits. To secure semi-bright deposits, carbon 
disulfide is generally added. Other brighteners have been recommended but they 
are not in general use. 

It is customary to use two baths for silver plating. The first — called the 
“strike” solution — has a very low silver concentration and a very high free cyanide 
content, and is used merely to get the first covering of silver, after which the 
silver is built up in the “plating” solution which is as described above. The 
“strike” solution probably serves several functions, including the prevention of 
deposition of silver by “immersion” wdth resultant poor adhesion of the ultimate 
deposit, improvement of covering power and indirectly of throwing power, and 
cleaning. While it is possible to avoid the use of a strike solution in some cases, 
it is definitely not advisable, nor, on the other band, is it efficient practice to 
attempt to build up appreciable thicknesses of silver from a “strike” solution 
rather than from the legitimate “plating” solution. 

The anodes used for silver plating should be the purest obtainable, in gen- 
eral assaying over 999.5 fine. Very small traces of impurities, such as bismuth, 
manganese, lead, iron, antimony, selenium, tellurium, palladium, etc. of the order 
of hundredths of a per cent or even less, may cause the anodes to be covered 
with a blackish scum, which not only interferes with normal anode corrosion but 
may cause rough plate due to migration of the sediment to the cathode. Anode 
filter cloths and bags help in this respect. Increasing the free cyanide is also often 
beneficial. In any case, however, “black anodes” are an unnecessary evil. The 
corrosion of the anodes, as well as the tendency for blackening, depend very 
closely on the free cyanide content of the solution and on the anode current 
density. For best results, the former should be ample, as already indicated and 
as given in the formulas below, and the latter should be kept low by making 
the ratio of anode to cathode areas not less than 1:1. The carbonate content is 
also of importance for proper corrosion of the anodes and in fact determines to 
some degree the optimum cyanide content. 

For contact with the solution, as for tanks, anode racks, cathode racks, etc., 
iron is a convenient and satisfactory material, especially if its original tight 
black scale has not been pickled off. It is important to keep the solutions free 
from chlorides to prevent attack of this material, which attack is sometimes 
accompanied or followed by deposition of silver on the material itself. Ceramic 
material and glass may also be used in some cases, but except for small tanks, 
these tend to be impractical because of their greater cost and marked fragility, 
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PRECIOUS 
METALS 


GOLD OR SILVER is the answer to many problems. It has 
served well in the war effort and is being widely used com- 
mercially. When you require precious metals remember that 

DEENAME DEENOTES DEEPENDABILITY 

We refine all forms of scrap and waste materials containing 
precious metals. 

Our specialties are 

SILVER ANODES — SODIUM GOLD CYANIDE — SILVER 
SALTS — SILVER SOLDER — SOLDER FLUX — ETC. 


GENERAL OFFICES 
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I9DD W. KINZIE ST. 
ZONE 22 




CHICAGO 
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which is an important item in the storage of the relatively expensive silver plating 
solutions. Several synthetic plastics also appear to be satisfactory, of which the 
phenol-formaldehyde type and certain polyvinyl compounds have been tested with 
good results. 


FORMULAS & PLATING SOLUTIONS 

Good deposits of silver may be obtained under widely varying conditions. The 
following formulas are recommended, not as being exclusive, but as being most 
satisfactory for general purposes. Non-ferrous metals require treatment only in the 
second strike before plating. Iron and steel require treatment in a first or steel 
strike until coated, after which they are treated in the second strike and plated. 

Strike Solutions 


First ( Steel) Second 


Silver cyanide 



0.25 

av. oz./gal. 

0.5- 0.7 av. oz. 

Copper cyanide 



1.5 

»» >» 

»* 

Sodium cyanide - 




10.0 

»» »» 

8.0-10.0 

Free cyanide 



8.0 


8.0-10.0 ” 

Metallic copper „ 



1.0 

»> »» 

»» 

Metallic silver 




0.2 

tr. ” 

0.4- 0.5 tr. ’ 


Room temperature, 6 volts, 15-25 amp./sq. ft. 


Plating Solutions 

I. 


Silver cyanide 

(Metallic silver equivalent of above) 

Potassium cyanide (free) 

Potassium carbonate 

Brightener (in a new solution) 


4.0 av. oz./gal. 

3.0 tr. 

5.5 av. ” 

6.0 ” 

of the order of % fluid oz./gal. 


II. 


Silver cyanide 4.0 av. oz./gal. 

(Metallic silver equivalent of above) 3.0 tr. ” 

Sodium cyanide (free) . _ 4.0 av. ” 

Sodium carbonate 6.0 ” ” 

Brightener (in a new solution) of the order of % fluid oz./gal. 


111 . 

Silver cyanide 

(Metallic silver equivalent of above) 

Sodium cyanide (free) 

Sodium carbonate (maximum) 

Potassium nitrate 

Brightener (in a new^ solution) 

Brightener (in a new 

solution) 


3.2 av. oz./gal. 

2.3 tr. 

2.5 av. ” 

As low as possible 

15 av. oz./gal. 

of the order of % fluid oz./gal. 

of the order of % fluid oz./gal. 
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Largest rubber-lined plating tank in the world at 
Daystrom Corporation, Olean, New York. Rubber-lined 
by Manhattan. Full automatic, elevator-type, nickel 
plating conveyor installed in this tank by Hanson Van 
Winkle Munning Company, Matawan, New Jersey. 

oiUen- 

MANHATTAN Rubber Products 
for PLATERS 



MANHATTAN POLISHING WHEELS; 

NEW in several RESILIENCIES with synthetic rubber bond. 
Acid Ho5e;Air,Wator and Steam Hose, -Sand Blast Hose;Filter 
Hose; V-Belts for plating and burnishing barrels; Convey- 
or and Elevator Belts; Abrasive Tumbling Barrel Material. 


Typical of the huge and unusual 
jobs Manhattan is equipped to 
do, is the world's largest nickel- 
plating tank shown above and 
described at left. 

Over the past 40 years, Manhat- 
tan has developed rubber linings 
that are outstanding in the in- 
dustry. 

Eliminate Corrosion and Contami- 
nation — Experienced com- 
pounding has produced acid- 
proof linings that resist abrasion 
and the destructive effects of 
most acid and caustic solutions. 
Manhattan rubber linings protect 
equipment against corrosion, the 
plating bath against contamina- 
tion, and eliminate stray currents. 

Unaffected by Temperature — 

Manhattan's inseparable rubber- 
to-metal bond and compounding 
permit rubber lining to expand 
and contract with the metal in 
changes of temperature. 

Manhattan Engineers will be glad 
to go over your specifications. 


Rayrestos-Man H ATTAN . INC 





For all formulas: 

Temperature ,72-78 °F., preferably the latter 

Current density : 545 amp. /ft.- , 

Voltage — From less than 1 volt to a few volts, depending on operating 
conditions, solution content and geometry of the set-up. For most 
small set-ups, the voltage is about 1 volt. 

The brightener may be made by shaking a few ounces of carbon disulfide 
with a quart of “strike” solution and allowing it to stand for a few days, with 
occasional stirring. Only the clear supernatant liquid is used as a brightener. 
Ihe amounts of brightener to be added to an old solution cannot be specified. 
Only trial-and-error methods, guided by experience, can determine these quan- 
tities, the correctness of which can be confirmed only by the appearance of the 
deposits themselves. 

Ammonium thiosulfate has recently become readily available and found wide 
acceptance as a brightener. For a new^ plating solution 1.25-2.5 fluid ounces of 60% 
ammonium thiosulfate solution are used to each 100 gals. 

The potassium solution above (No. I) is the most popular and is to be pre 
ferred over the sodium cyanide solution for commercial plating, even though 
somewhat more expensive than the latter. The recommended values are very 
commonly used, although for light plate, especially in great volume, the lower 
ranges are employed, thus reducing the cost of the solution and the amount of 
silver dragged out. Formula No. Ill (Wood’s bath) is now being used in some 
plants. It is less expensive than the others and gives excellent results. The full 
story of its advantages and limitations has yet to unfold as experience with it 
grows. Silver nitrate may be used to make it, instead of silver cyanide, changing, 
proportionally, the amounts of the silver salt and total cyanide used. 

Effects of Various Factors on the Solution Properties and Operotion 

The effects of the various factors can be briefly summarized as follows: 

To increase throwing power: Decrease silver or brightener cf>ntent, increase 
cyanide or carbonate contents, increase current density, lower temperature. 

To decrease resistivity of bath (e.g. lower bath voltage or sometimes to 
increase throwing power) : Increase temperature, cyanide content, silver content, 
or carbonate content. 

To increase permissible current density: Increase silver and free cyanide 
content, increase temperature, increase brightener, increase agitation, use potas- 
sium solutions, increase uniformity of plate by increasing throwing power and 
by improving method of racking. Increasing the temperature from 70“ to 90 “F. 
may allow a 50% increase in current density. 

To reduce onode polorization: Increase temperature, decrease anode cur- 
rent density, decrease silver and carbonate content, and increase free cyanide. 

Treotment of Work Before and After Rioting 

The work before silver plating must naturally be properly cleaned, but this 
may be done in any of the usual satisfactory routines. In plating copper, brass, 
Britannia metal, soft solders, or similar alloys, a mercury dip is often employed, 
containing for example abcnit Vs oz./gal. mercuric nitrate and hydrochloric acid 
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to make the Baume reading about 7. This solution then replaces the usual 
acid dip. Mercury dips should be used with care since they are prone to stain the 
metal. They are, in fact, advisedly omitted When it is possible to do so and this 
omission is usually possible. High brasses are particularly prone to “season crack- 
ing” and this difficulty is accelerated by mercury. It is desirable to conclude the 
preplating dips with a dip in sodium cyanide (10 oz./gal.) from which the work 
may be directly transferred to the strike bath without rinsing. A rinse between 
strike and plating solutions is optional, each method possessing certain merit. 
Rinsing diminishes the danger of dragging into the plating solution any chloride 
or iron which might be present in the strike solution. On the other hand, if the 
rinse is used, valuable cyanide and silver are lost to the plating solution the cyanide 
being, furthermore, irretrievable. 

After plating, the work should be rinsed in two cold water rinses and one 
hot water rinse. The former two are stagnant but are replaced frequently de- 
pending on the volume of work going through them. They are not thrown 
away but are collected in a large tank and the silver reclaimed for shipment 
to the refiners by adding excess hydrochloric acid and allowing the precipitate 
to settle before decanting the waste liquor. (Caution: Beware of the fumes, 
which are very toxic.) The hot water should be a running rinse and should 
be kept very clean. The recovery of silver from this rinse should not be neces 
sary if the work has been properly treated in the preceding two. 

Maintenance of Solution 

If proper attention is paid to minimizing drag-out and if sufficient silver 
'^nodes of required purity are used, the silver content in the bath is ordinarily 
maintained automatically to a very satisfactory degree, since the anode and 
cathode efficiencies are both essentially 100%. If silver is needed in the bath, 
it is best added as silver cyanide or potassium (or sodium) silver cyanide. In the 
case of Wood’s bath, silver nitrate may be used. The free cyanide in the bath 
will gradually decrease on operation and standing, and must be replenished 
The brightener should be added in small amounts at least once or twice a day 
for steady production. This component disappears from the bath even when the 
latter is not in operation. Decomposition products, such as formates, ammonia 
and its compounds, and a variety of organics, also exist in the bath, but little is 
definitely known about their specific effects and apparently the bath can usually 
function very well with them. As far as metallic impurities are concerned, per- 
haps the greatest danger is from iron, because of the amounts which can be 
accumulated if the plating room is carelessly operated. Of greater effect are some 
foreign anions. In general, however, none of these unintentionally present sub- 
stances become of importance in a properly maintained solution. 

The carbonate content of the solution will gradually increase to a value 
determined by drag-out losses. In a solution containing only potassium salts, 
a carbonate content of 15 oz./gal. will still give satisfactory results. In a 
“sodium” solution, this figure should be reduced by a few oz./gal. at least. 
For removal of carbonate, several methods have been suggested. “Freezing 
out,” as in cold weather, is one suggestion but this is rarely effective in the 
case of potassium solutions (due to the appreciably solubility of potassium car- 
bonate even at low temperatures) and in the case of sodium solutions, the method 
is more effective but it is inconvenient. Precipitation by barium cyanide is expen- 
sive. Gypsum has been recommended as a precipitating agent but not wholly satis- 
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Typical Installation of DANIELS Plating Barrel 
Equipment Showing Four No. 4 O L S Units 

DESIGNED TO REDUCE THE COST 
OF PLATING SMALL PARTS IN BULK 

Patent No. 1936382 

THE DANIELS PLATINB BARREL CO. 


129 Oliver St. 




MArket 3-1762 


Newark 5, N. J 


factory results have been obtained so far and this material should be used cautious- 
ly* The above diflSculties are not, however, of really great concern, because il 
potassium solutions are used, the carbonate liirely reaches a concentration which 
is seriously troublesome. When nitrates are used in the bath, calcium nitrate is 
used to remove the carbonate. 


TIN PLATING FROM ACID BATHS 

By F. C. Mothers 

Indiana Vnwersity , Bloomington, Indiana 

SULFATE SOLUTION 

The tin deposits from acid solutions are whiter, but are often less adherent 
to the basis metal than are the deposits from alkaline baths. Of course, the throw- 
ing power of the alkaline baths is much better than that of the acid baths. How- 
ever, the throwing power of the acid tin baths is better than that of most non- 
alkaline plating baths now in general use. On the other hand, tin (!an be deposited 
two to three times faster from acid baths than from alkaline baths. This is due 
to the higher cathode efficiency, 100% compared to 7vS% , and to a valence for tin 
of 2 compared to 4 for the alkaline baths. Also, the acid baths will operate nicely 
at room temperature, whereas the alkaline baths must be heated. The acid baths 
have very high electrical conductivity and the anodes dissolve with such high 
current efficiency that maintenance of the baths is no! a problem, except for oxida- 
tion of the stannous to stannic by the air whereby a sludge is usually formed. 

NOTE: Electroplated tin on iron has about the same porosity as a hot dip 
coat twice as thick. 

No “bright” tin bath is known although semi-bright deposits may be obtained 
at the higher current densities. It is the common practice, if a bright fini.«h is 
desired, to heat the plated articles sufficiently to melt the tin. The basic patent 
covering this has expired. 

Most of the soluble tin (stannous) salts can be used in plating baths except 
chloride, bromide, and iodide, and these ions are injurious in any of the other 
baths. However, it is reported that “halogenated” tin baths are being tried but no 
information regarding the composition or addition agents has been made public. 

Usually the stannous sulfate bath is used, because stannous sulfate is the 
cheapest tin salt that will give satisfactory deposits. Several companies now manu- 
facture an excellent quality of the stannous sulfate and the prices are moderate. 

Stannous fluoborate and fluosilicate do not give enough better results to justify 
their greater cost, although their greater solubilities allow more concentrated solu- 
tions to be used, and the deposits are distinctly less coarsely crystalline. The 
fluoride bath is less desirable than the sulfate because the deposits are much 
coarser. However, fluoride baths develop much less sludge or precipitaie than any 
of the others. 

The writer does not recommend phenol- or cresol-sulfonate in the baths al 
though many formulas use these materials. 
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? Are You Plagued by: 

INDEFINITE DELIVERY DATES? 
SNARLED PRODUCTION PLANS 
& SCHEDULES? 

Your Needs Supplied Quickly . • . Efficiently by 

PESCO PRODUCTS 

Individual Items Complete Plants 

MANUFACTURED — DISTRIBUTED — REBUILT 

GRINDING PLATING BAKING AUTOMATIC 

POLISHING • SPRAYING • DRYING • SEMI-AUTOMATIC 

TUMBLING CLEANING DEGREASING ALL FINISHING 

WOOD • PLASTICS • METAL 

We Manufacture: Polishing Lathes — Rheostats — Jeweler’s Polishing 
Tables — Utility Blower Systems — Agitators. 

GUARANTEED TROUBLE-FREE PERFORMANCE! 

We Distribute: G. E. — Worthington - — L’Hommedien — Industrial 
Filter — Buffalo Blower & Drills — Manderscheid Accessories — Nuglu 
— U. S. Electric — Continental Motors — Kocour — Binks, etc. 

PESCO NEW, REBUILT & USED PRODUCTS 

. . . Includes those manufactured by the oldest and best known names 
in and out of the trade. All Equipment is stripped down and component 
parts checked. New Developments . . . Supplies . . . Chemicals . . . 
Anodes are Tested and Stocked only after they meet PESCO’S require- 
ments! 

PLATING EQUIPMENT & SUPPLY CO. 

“// Ws metal finishing equipment 
and supplies, we have itJ*^ 

New York 13, N. Y. 


182 Grand Street 


Tel. CAnal 6-3010 - 1 - 2 


NOTE: It is claimed that the cresol-sulfonic acid prevents the formation of 
sludge during operation. 

A recent publication in a foreign journal^ clearly states that cresols and 
phenols — called surface active agents—should be used in the unsulfonated form, 
and more of them — 20-30 g./l. of cresol — than recommended in any of the follow- 
ing formulas. However, another recent publication recommends the use of a large 
quantity of cresol-sulfonic acid like that in formula No. 3. 

There are few published descriptions^ of the most important researches on tin 
plating, but certain patents [Mathers, U. S. Nos. 1,397,222 and 1,540,354; Simp- 
kins, U. S. No. 1,452,273 (1923); Pine, U. S. No. 1,987,749 (1935); and Brit. 
493,701 (1938)] give some accurate information. Publication No. 92 by Inter- 
national Tin Research and Development Council, obtainable by addressing Battelle 
Memorial Institute, Columbus, Ohio, contains an extended discussion of electro- 
tinning. The best recent general discussion of acid tin plating is the paper by 
Pine.2 

A recommended formula is : 

Acid Sulfate Tin Solution 


oz./gal. 

Tin Sulfate, SnS04 13 

Sulfuric acid, H2SO4, Cone. 4 

Tartaric acid 4 

Glue 0.4-0.8 

Cresol or 0.8 

/3-naphthol 0.13 

Pine suggests the following ranges in composition: 

oz./gal. 

Tin sulfate 4-12 

Sulfuric acid 7-20 

Gelatin or glue - 0.06-1.3 

Cresol 0.06-1.3 

Sulfonated cresol 1.3 -13 

/3-naphthol 0.06-.13 

Resorcinol 3 

Sodium sulfate 7-50 

Aloin 0.13-0.4 


g./l. 

100 

30 

30 

3-6 

6 

1 


g./l. 
30-90 
50-150 
0.5-10 * 

0.5-10 
10-100 
0.5-1 
20 

50-350 

1-3 


He says not more than three of the addition agents need be used at one time, but 
gelatine or glue should always be one of them. As a specific example of a bath, 
he gives: 



oz./gal. 

g./i. 

Stannous sulfate 

7 

54 

Sulfuric acid 

1.^ 

100 

Cresol sulfonic acid 

13 

100 

jS-naphthol _ 

^^.13 

1 

Gelatine or glue 5 

- 0.3 

2 


The criticism the writer offers to this formula is that the tin concentration is 
too low for best deposits, but, if drag out is very large, such a formula would be 
more economical than the first one favored by the writer. 

Without addition agents, these acid baths could not be used at all, as the 
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• See Murray-Way 
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deposits would be masses of loose crystals. No single addition agent will suffice, 
and the best combination is glue and cresol, or cresylic acid, or other pairs of 
organic compounds belonging to these two families. The composition of the baths 
can be varied through wide limits without rguch change in results. However, the 
more concentrated the solution, the higher the current den^ty or voltage that,, can 
be used, but, in all cases, the lower the current density or voltage, the better the 
deposits. The rather low solubility of stannous sulfate,. 180 g./l., (purified stan- 
nous sulfate has a higher solubility — over 300 g./L, according to Richter) strictly 
limits the maximum concentration that can be used, and the sulfuric acid and any 
sodium sulfate in the solution further reduce this solubility by comnion ion effect. 

A lower concentration of tin sulfate, sulfuric acid, and tartaric acid, in the 
above proportions, may be used at the lower currents. However, it is best to use 
the full quantities of the cresol or /3-naphthol and glue, and this writer favors using 
just as large quantities of these addition agents as is possible without causing too 
much brittleness of the deposit. 

Animal glue, not vegetable glue, must be used. The glue should be soaked in 
water for a few hours and then be brought into complete solution by heating before 
being added to the bath. 

The most serious objection to /?-naphthol is its very limited solubility in 
water — 0.74 g./l. — and therefore, not enough is present in solution to do the work. 
The bath can be saturated with /3-naphthol by adding to the bath a solution of 
^-naphthol in alcohol, in which it is very soluble. 

The baths should be run at room temperature and a maximum current of 
46 amp./ft.- (5 amp./dm.^) is recommended although it is possible to use 400 
amp./ft.- (43 amp./dm.^) with some baths, where there is movement or agitation 
of the cathode and where only thin deposits are being made. The voltage varies 
from 0.6 to perhaps 3 or 4 depending upon the current and the size and the purity 
of the anodes. It is best to use the lower currents, except for the very thinnest 
deposits, and lower currents must be used if thick deposits are desired. The 
exceptionally pure tin, produced by some of the detinning companies, should be 
used for anodes. Such secondary tin is very much purer than the “straits” tin, 
and ’ess sludge and anode cake or slime will be produced. The sludge from the 
anodes of crude South American tin would cause difficulties. Any hard crust that 
may form on the anodes must be brushed off. This will not be necessary unless 
impure anodes are used. If only impure anodes are available, the use of a fluo- 
borate in place of part of the sulfate would very much lessen anode difficulties. 
Lead or rubber lined tanks can be used. 

Although it is better to prepare the plating solution from purchased stannous 
sulfate, the baths can be prepared from tin anodes by the porous pot method using 
a solution of sulfuric acid containing 10 oz./gal. (75 g./l.). About 26 ampere 
hours are needed for each liter (108 amp.-hr./gal.) of solution. This seems to be 
the usual method in England, and the refining baths during World War I were 
prepared in this way. This method must be used for making tin fluoborate, fluo- 
silicate, or cresol-sulfonate baths, as these salts are not available on the market. 

A poor quality of cresol (crude grades are called cresylic acid) contains oils 
which are insoluble in the bath. The part of the cresol which does not dissolve, 
floats on the surface of the bath, and smears the work as it is being put in for 
plating. Some method of keeping the bath saturated with the cresol without this 
surface layer of oil should be devised. 

Sludge forms in the baths due to residues from the addition agents and to 
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insoluble basic stannic salts which are formed by air oxidation. Pine says that 
filtration is not very necessary unless exceptionally impervious deposits are de- 
sired, and that satisfactory deposits can be obtained, for most purposes, even when 
considerable suspended matter is present. The tartaric acid in the formula les- 
sens the formation of sludge. Hydrofluoric acid (4 oz./g51.) will also restrain 
sludge formation, but glass and earthenware vessels and apparatus would be cor- 
roded by it. Some formulas use cresol-sulfonic acid but this cresol is not active 
as an addition agent, and, therefore, the required quantities of unsulfonated cresol 
or ^-naphthol must always be added regardless of whether any cresol-sulfonic acid 
is used. 

Several methods of making stannous sulfate for plating baths have been 
published.'^ Shot or granulated tin cannot be dissolved in hot sulfuric acid for 
use in making these baths, but spongy tin or tin foil will dissolve. Any form of 
metallic tin will dissolve in dilute sulfuric acid or in the bath itself if the tin is 
alternately exposed to the air and immersed in the solution. A better way is to 
rotate the shot or granulated tin in a tumbling barrel with only enough sulfuric 
acid that the tin is partly in the air all the time. This is a very economical way 
of making a plating solution or increasing the metal concentration of a depleted 
bath. 

More cresol or naphthol, and glue must be added as needed, and the indica- 
tions of such a need are (1) a decrease in voltage of 0.2 under that for a new 
solution, (2) a visible increase in grain size, or extending crystals or roughness 
at the corners or on the edges, and (3) a decrease in covering power. 

Cresol-sulfonic acid, needed for any of the formulas, can be made without any 
difficulty by heating one part of cresol with 2 parts of cone, sulfuric acid for 2 
hours at 230°F. (110°C.). 


1. Stack. Trans. Electrochem. Soc., 45, 441 (1923). 

2. Pine, Trans. Electrochem. Soc., 80, 681 (1942). 

3. Mathers and Rothrock, J. Ind. and Eng. Chem., 23, 831 (1931). 

4. Chem. Abstracts. 35, 2421 (1941). 


TIN PLATING FROM ALKALINE BATHS 


By Floyd F. OpUnger 

E. 1. duPont de Nemours d Co., Inc., Wilmington, Delaware 

SOLUTION COMPOSITION 


Still Tank 

Sodium stannate 16 

Sodium hydroxide - 1 

Sodium acetate 2 

100 vol. Hydrogen peroxide or 

Sodium perborate 1/16 


Barrel 

20 oz./gal. 
2 ” 

3 ” 

1/16 ” 


In order to prepare the solution, fill the tank with water to two-thirds its 
capacity and heat to 140-158 ‘'F. Add the required amount of sodium stannate, 
slowly, at the same time stirring thoroughly until all is dissolved. Then add the 
weighed amount of caustic soda required. When completely dissolved, add the re- 
quired amount of sodium acetate. Then add the balance of water required to 
bring the bath up to the operating level. 

Before adding the peroxide or sodium perborate, it is advisable for control 
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purposes to determine the tin and “Free Caustic Soda” content. Considerable 
care should be exercised to adjust the caustic soda content by analysis to conform 
to the limits allowed (see following page). After this has been done, the sodium 
perborate or hydrogen peroxide should be added and the solution is then ready 
for use. 

Caution 

Caustic soda is formed by hydrolysis of the stannate, and some is present in 
the stannate. Therefore, to avoid an excessive concentration of caustic soda, the 
bath should first be prepared according to the directions and if analytical facilities 
are available, the composition should then be adjusted to the concentrations given. 
One of the reasons for close control is to maintain anode efficiency so that it will 
not be necessary to replenish with large amounts of stannate from time to time. 

FUNCTIONS OF THE BATH INGREDIENTS 
Sodium Stonnate 

The sodium stannate is a reservoir for the tin which is deposited at the 
cathode. Maximum efficiency is obtained only when the sodium stannate content 
is greater than 6.0-8.0 oz./gal. 

Sodium Acetate 

The function of the sodium acetate is similar to that of boric acid in a nickel 
solution, that is, it acts as a buffer. It also aids in increasing anode solubility. 

Hydrogen Peroxide or Sodium Perborate 

These oxidizing agents serve as a means of keeping the tin in solution in the 
quadrivalent form. Stannous ions, when present in appreciable amounts, are harm- 
ful, causing the deposition of spongy tin. 

A summary of the operating conditions most generally useful is given in the 
following table. 

Summary of Plating Conditions 


Still Solution Borrel Solution 

Cathode current density 6-60 amp./ft.” 

Anode current density 5-25 ” as low as possible* 

Voltage 4.0-6.0 volts not less than 6 volts* 

Temperature 140-176"F. (60-80°C.) 160-180"F. (71-82X.) 


’^‘This means the use of as large an anode surface as possible, because it is desirable 
to use the hi.ehest possible amperage. 


Coustic Soda 

The caustic soda acts as a conducting agent and is absolutely necessary to 
obtain balanced anode corrosion. Without caustic soda, the tin anodes become 
coaled with a film which interferes with proper anode reduction. In consequence, 
the tin plates entirely from the solution which thus becomes depleted. On the other 
hand, an excess of caustic soda causes the deposition of rough and spongy deposits 
and poor throwing water. 

The caustic soda content, determined with Sulfo-Orange indicator, should be 
between 1.0 and 2.5 oz./gal., preferably 1.6 in still tanks, and between 2.5 and 5.0 
oz./gal., preferably 3.0 in barrel solutions. 
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FINISHING PROCESSES 

ALUMON — a process for treating aluminum and 
its alloys to prepare it for electroplating with 
other metals. 

ALUMOX — a process for chemically oxidizing 
aluminum to impart protection to corrosive at- 
mospheres and prepare it for organic finishes. 

EBONOL "C" - a process for chemically oxidiz- 
ing and blackening copper and copper alloys. 
The finish is also a good base for painting. 

EBONOL "S" — a chemical process for blacken- 
ing iron and steel operated in the temperature 
range from 285-290 F. 

EBONOL "T‘ — a process for blackening zinc and 
zinc alloys. 

FINISHING PRODUCTS 
Aids for Better Pickling 
ACID ADDITION AGENT — a surface active ma- 
terial which is added to hydrochloric and sul- 
phuric acid pickles to prevent fuming, to inhibit 
attack upon the steel and promote better pickling. 

INHIBITOR 7C - a powerful inhibitor for hydro- 
cloric acid pickles either hot or cold to prevent 
attack upon base steel. The inhibiting action is 
approximately 99%. 

an organic material which 
is added to hot water used for drying after pick- 
ling to prevent rusting or yellow staining of 
steel. No film is left upon the work to interfere 
with organic finishing. 


BRASS CLEANER — a powerful cleaner but has o 
mild action on brass, nickel-silver, lead-tin alloys, 
steel and other metals. 

CLEANER 100 -on alkali cleaner of very high 
detergency for cleaning steel by soaking or elec- 
trolytic means. 

EMULSION CLEANER — an emulsifiable solvent 
type cleaner for removing ail solid dirt and oil 
as well as buffing compositions from all metals 
without attack or tarnish. 

STRIPPERS 

ENAMEL STRIPPERS: Various solvent and emul- 
sion type strippers are available for rapidly re- 
moving enamels, lacquers and other organic 
coatings from all metals without attack. 

ZINC STRIPPER — an alkaline process for rapidly 
stripping zinc plate from steel without any at- 
tack upon the steel. 

RUST-PROOFING MATERIALS 

NO. 15 OIL - a thin film oil for rust-proofing 
of steel. Protects 24 hours in salt spray and is o 
water shedding polar type oil. 

SOLUBLE OIL - an emulsifiable rust-proofing oil 
used diluted with water to apply a rust-proofing 
film. Can be used with hot or cold water. Also 
an excellent cutting oil. 

1568 WAX — on emulsion of clear hard-drying 
waxes to produce a hard rust-proofing finish ors 
metals. Air dries fast ond does not rub off. 
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Glazing Eliminated! Chipping and Flaking 
BanishedI . . . with Amazing New Kind of 
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HERE is new mastery over polishing! Gripmaster con- 
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CONTROL AND MAINTENANCE 

Anode Current Density — Still Plating 

Pure tin anodes should be used. One of the most important factors for the 
successful operation of the bath is proper control of anode current densities. In 
order to reach the proper anode current density for any given bath or set of 
operating conditions, the anode current density must be sufficiently high so that 
the anodes become oxidized or polarized. This condition is easily recognized be- 
cause it occurs when the anodes become covered with a greenish yellow film be- 
lieved to be a mixture of stannous and stannic oxides. This yellow film has a 
very characteristic color and is easily recognized when once seen. Satisfactory 
results can be obtained only when the anodes are covered with this film. When 
the anode current density is too low, the anodes remain clean and may be cov- 
ered with a light, loosely adherent film of dark or black particles and the voltage 
normally used drops. At this point, the natural color of the tin crystals is clearly 
visible. When the anode current density is too high, oxygen is given off, bttle 
or no tin is dissolved, and the anodes become covered wholly or in part with a 
black oxide film which becomes highly insoluble and is removed only with strong 
mineral acids. 

Deposits may remain satisfactory for a time but the metal content becomes 
depleted rapidly, following which dark rough deposits are produced. Usually an 
anode to cathode ratio of 1 to 1 is satisfactory. If anodes become scaled or covered 
with sludge, caustic soda should be added. 

The bath can be controlled for long periods of time by observing the above 
rules. 

For barrel plating, the anode surface area should usually be as large as it 
is possible to obtain in equipment being used. In barrel plating, in order to keep 
the anodes clean and properly polarized with the greenish yellow film, it is usually 
advisable also to use a higher caustic content than for still plating. 

The anode current density and the caustic soda content should always be 
closely controlled in both still and barrel plating. 

With proper precautions, anode efficiency can be kept equal to or sl’ghtlv 
higher than cathode efficiency. This means that the most of the metal can be 
obtained directly from the anode which is a more economical way of doing than 
keeping the metal content up by means of addition of sodium stannate. 

Cathode Current Density 

Excellent results may be produced over a wide range. For practical purposes 
15-25 amp./ft.2 give the best results. 

Sometimes solutions are operated in closed areas where ventilation is poor. 
Under such conditions the evolution of hydrogen from the bath may become very 
objectionable to persons working in the vicinity of the solution. This condition 
may be prevented by adding small quantities of sodium oleate or other soluble 
soap to the solution. One pint of soluble soap is enough for several hundred gal 
Ions of solution. This treatment causes the formation of a foam on the bath which 
prevents the dispersion of the fumes through the surrounding atmosphere. 

Rough Deposits 

Generally speaking, rough deposits are caused by having an excess of stannous 
ions in the bath. An excess of such ions usually affects the color of the bath. 
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EQUIPMENT 


□ DURCOPUMPS for nickel and copper plating solutions. 

for sulfuric, hydrochloric and nitric-hydrofluoric or sulfuric-hydro- 
fluoric pickling solutions. 

for sulfuric and chromic acid anodizing solutions, 
for copper electrolyte solutions in recovery processes. 

□ TANK OUTLETS for plating, pickling, acid dip, anodizing, and electrolyte 

tanks. 

□ DURCO VALVES for all corrosive plating and metal cleaning solutions, all 

concentrations and temperatures. 

O HEATERS for nickel and chromium plating solutions. 

□ COOLERS for chromium plating and anodizing solutions. 

D STEAM JETS for all types of pickling solutions. 

□ EJECTORS, SIPHONS for emptying tanks of waste plating, pickling acids. 

□ ANODES for Bullard-Dunn electrolytic descaling process. 

□ PIPE AND FITTINGS (split flanged) for handling sulfuric, nitric, hydro- 

chloric, chromic acids, and other corrosives. 

□ PIPE AND FITTINGS (bell and spigot) for waste acid drains from pickling, 

plating, anodizing and acid dip tanks, and from laboratories. 

□ FLOOR DRAINS for acid proof floors. 

Send for information and literature 
on your specific problems. 
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Normally, it should be a light straw or gray color. If the solution looks black or 
dark, trouble can be expected. Stannous ions decompose spontaneously with the 
formation of .sponge tin which travels to the cathode causing roughness. The con- 
dition can generally be immediately corrected through the addition of a small 
amount of hydrogen peroxide or sodium perborate. 

This, however, may be only a temporary remedy. If the objectionable con- 
dition re-occurs soon after the addition of peroxide, then the anode current density 
is probably too low or the caustic soda concentration is too high. When the caustic 
soda concentration is loo high, it may best be reduced through the addition of 
small amounts of acetic acid. Acetic acid should be diluted considerably before 
adding to the bath and when added, should be added slowly with constant stirring. 
Mineral acids should not be used when reducing the caustic soda content because 
they cause the precipitation of basic tin salts. 

Commercial size solutions should not be operated for appreciable periods of 
time with less than full tank loads unless some of the anodes are removed. The 
reason for this is that if only a small cathode surface is being plated, the anode 
current density will be very low when the tank is full of anodes. This produces 
stannous ions and spongy or rough deposits may follow. 

The most important factors to watch are the caustic soda content, and the 
anode current density. Tin will dissolve in the stannic condition only when these 
are properly balanced. 

Temperature of Solution 

For still solutions, temperatures ranging from 140 to 176° F., that is 60-80° C., 
give consistently good residts. At lower temperatures, the deposits may become 
dull and the solution loses efficiency. Higher temperatures should not be used 
because of the danger of precipitating insoluble tin salts. 

In barrel plating it is advisable to operate in the temperature range 160-180° F. 
This sliglilly higher temperature improves the conductivity of the solution. 

Replenishing the Solution 

Never add undissolved material to the solution. Any material which needs 
to be added should be first dissolved in water and the aqueous solution added 
slowly with constant stirring. 

Time of Plating 

In general, it is safe to assume that one ampere deposits one gram of tin per 
hour so that at 25 amp./ft.^, 0.0147 oz./ft.2 of tin is deposited per minute. For a 
coating of 0.294 oz./ft.^ or 0.00048", twenty minutes plating time is required. 

For producing non-porous deposits on steel, a thickness of not less than 
0.00075" is generally required. This may be more or less depending on the con- 
dition of the base metal. 

Equipment Required 

For still solutions a clean steel tank equipped with steel or iron-heating coils 
is preferred. 

For barrel solutions the tank also should be of steel. Wood or most synthetic 
plastic cylinders are not suitable for horizontal type units. The plating barrel 
cylinder should be constructed of material recommended by manufacturers of 
barrel plating equipment used for this purpose. 
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A Good Product Deserves a Good Black 

STANDARDIZE ON 

BLACK RIAGIC 

A single-bath black oxide process that gives iron and all steels except stainless 
a rich, deep black that won’t rub off. Penetration, .0001''. Very tough and 
flexible; the product may be formed after processing. A fine bond for paints 
and lacquers. There are also BLACK-MAGIC baths for copper, brass, zinc 
and cadmium. 

BLACK-MAGIC “Witch-Oil” — A water-displacing, rust inhibiting final finish. 
Keeps stampings, forgings, etc., free of rust in stock and in transit. 

BLACK-MAGIC “Witch-Dip” — A paraffin-base final finish that is an effective 
rust resistor, also a permanent lubrication for threaded parts. Costs but a 
fraction of the price of other similar preparations. Write for the “Black Book.” 
It tells the complete Black-Magic story. 



A new glass-base spray coat for steel and brass. Extremely tough and abrasion 
resistant. Stands heat up to 1000° F. Impervious to corrosion. Soft eggshell 
finishes in ALL COLORS. Easy to work. Spray it on. Then dry at 200° F. 
Then bake at 350° F. in any industrial oven. Ideal for oil, coal and gas stoves, 
heaters of all kinds, mufflers and exhaust pipes, motors, recording instruments, 
steel furniture. Send for samples. 

MITCHELL-BRADFORD CHEMICAL CO. 

Modern Metal Finishes 

2446F Main St. Stratford P. O. Bridgeport, Conn. 

N. Y. CITY: Lacquer Finishing, Delawanna, N. J.; C. D. Hamilton, Fayetteville, N. Y . — 
CLEVELAND: Universal Paint de Varnish Co. — PHILA.: Albert Prints, Germantown — 
ST. LOUIS: G, S. Robins & Co.— DALLAS, Tex.: Texokana Supply Co.— LOS ANGELES: 
Barber-Webb Co, — OAKLAND: Geo, A. Kushman Co. — CANADA: Marine Power, Ltd, 



Water 

Wherever possible, distilled or softened water should be used for preparing 
solutions. The same holds true of water required to keep solutions up to the proper 
level. Water hardness is one of the main sources of sludge formalions. Baths 
can be operated with soft water so as to remain virtiiallx, free from sludge. A 
simple means of softening the water, if better means are not available, is to add 
small amounts of caustic soda (about Ms lb./ 100 gal.) to water in a separate con- 
tainer. When the precipitate has settled, decant the clear water to the plating 
tank. The use of soft water for plating solutions becomes more and more im- 
portant as time goes on. 


ACID ZINC PLATING 

By R. O. Hull 

R. O. Hull (£ Co,, CUveland, Ohio 

Acid zinc plating is widely used for plating of wire, strip steel, wire cloth and 
pipe, which do not require a bright deposit, but a smooth, white, rust-resistant 
coating. Acid zinc solutions are not applicable to plating of irregular articles, 
because of their inferior throwing power. Thompson’s solutions which follow 
cover the usual range of application of this type of solution. 


SOLUTION COMPOSITION 


Zinc sulfate (crystals) — — 

Ammonium chloride 

Aluminum sulfate (crystals) — - 

Sodium acetate — 

Licorice 

Glucose or corn syrup 


Solution No. 1 
oz./8ral. 

32 

2 

4 


.13 


Solution No. 2 
oz./sal. 

48 

4 

2 

16 


Operating Conditions 

Metallic zinc 

Temperature - 

pH, still solution — 

pH, barrel solution — 

Corresponding current density 

or 


7.2 11.0 

75-120°F. 

3.5-4.6 (electrometric) 

5.0-5.3 

5-50 amp./ft.2 still. 
50-100 ” agitated. 


Acidity 0.1 -4.0 N (by titration > 

Corresponding current density 100-500 amp./ft.2 agitated 

Tanks — rubber or lead lined. 

Anodes — good grade intermediate zinc-mercury, zinc-aluminum-mercury or elect- 
rolytic. 


Solution Maintenance 

1. Maintain all constituents within ± 10% of above values. 

2. Establish either proper pH or normality of acid for desired current density 
(the higher the current density, the lower the pH or higher the acidity) 
and maintain at this value by additions of sulfuric acid (usually) to lower 
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RANSOHOFF EQUIPMENT for the surface treatment of metals 



GOOD PLATING DEPENDS ON AN ABSOLUTELY CLEAN SURFACE 


RANSOHOFF EQUIPMENT INSURES I 
THIS BEFORE AND AFTER PLATING * 


Work is cleaned before plating to produce a smooth, bright plate 
with proper adherence qualities, and is properly rinsed and dried 
after plating. Work may be tumbled with slugs, stars, balls or 
abrasives to remove press burrs and give the surface an initial 
burnish. Automatic, continuous, economical. 

Equipped with Ransohoff PACKLESS 
Vertical Centrifugal Pump and 
provision for washing shop barrels. 

♦ ♦♦Specially designed equipment for cleaning, pickling, lubricating 
between draws, rust-inhibiting and similar operations. 

RANSOHOFF FIELD ENGINEERS will be 
glad to call on you to discuss your problems. 


1310 TOWNSHIP AYE., CINCINNATI 16, OHIO 





the pH or increase acidity, or ammonia (very seldom) to elevate the pH 
or decrease acidity. 

3. Special anodes are available as noted above for acid zinc which corrode 
more uniformly with less sludge than^straight zinc. 

4. Add brighteners as necessary. 

5. For deposits over 0.0002" thick, bag anodes and filter the solution. 


CYANIDE ZINC PLATING 

By R. O. Hull 

R. O. Hull dS Co., Cleveland, Ohio 



SOLUTION COMPOSITION 

Cyanide Zinc Brigrht Zinc 
(Blum & Still or 

Hoffaboom) Barrel 

oz./8ral. oz,/gal. 

Mercury Zinc (1) 

Still Barrel 

oz./ffal. oz./aal. 

Zinc cyanide 

8 

8 

5 

8 

Sodium cyanide 

3 

5.6 

3 

4 

Caustic soda 

7 

10.5 

4 

6 

Mercuric oxide (1) 

Operating Conditions 

— 

— 

.03 

.03 

Metallic zinc 

4.5 

4.5 

2.8 

4.5 

Total sodium cyanide 

9.7 

12.3 

7.2 

10.7 

Ratio of total NaCN/Zn - 

- 2.16 

2.74 

2.6 

2.4 

Temp, degrees F. 

105-120 

75-85 

100-108 

100-108 

Current density amp./ft.2 

10-20 

5-50 

15-25 

10 

Cathode efficiency, per cent. 95 

90 

85-95 

85-95 

Anodes 

— Zinc 

Electrolytic 
Zinc or 
(3) zinc- 
magnesium. 

Zinc-mercury (1) or 
zinc-aluminum- 
mercury (2). 


Bright zinc usually requires patented purifiers, addition agents and bright dips. 
Tanks — either rubber lined or plain steel. 


SOLUTION MAINTENANCE 

A. Cyonide Bath Without Addition Agents 

1. Maintain the solution composition within ± 10% and the ratio of 
NaCN/Zn from 2.0 to 2.5. The bath has good throwing power and covering power, 
producing zinc deposits of good quality and high ductility. 

2. For fast plating, use a bath 50% stronger than given in the above formula- 
tion at a temperature of 105-155 ®F. and a current density within the range 55 to 
110 amp./ft.2 

B. Bright Cyanide Zinc Baths 

1. Use high purity plating materials and anodes. Lead in solution may be 
precipitated by treatment with a concentrated solution of sodium sulfide (2.5 g./l. 
or Vs oz./gal.). This should be stirred into the bath whenever the deposit be- 
comes dark. The bath should be treated with the same amount of zinc dust fol- 
lowed by stirring and filtering if lead is excessive or copper is present. 

2. Maintain the ratio of total NaCN/Zn as follows: 
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Here are INDUSTRIAL’S five basic designs of metal cleaning and 
treating machines. This all-inclusive range includes the appropriate 
equipment to efficiently and economically perform every washing 
cleaning, rinsing, slushing, dipping, Bonderizing and drying 
operation in the field — with the added benefits of exclusive 
INDUSTRIAL features. 

m 

It is sensible to get the whole INDUSTRIAL story with illustra- 
tions, facts and figures before deciding on any metal cleaning 
equipment. The important and interesting information contained 
in our catalog can make a big and favorable-to-you difference in 
money saved and work accomplished. 

Get this vital information — request your copy of 
IISDIJSTRIAVS Catalog by Addressing Dept, PF-1. 

INDUSTRIAL 
WASHING MACHINE CORP. 

Specialists in Cleaning Equipment 
Design and Manufacture 



Dept. PF-1 


New Brunswick, N. J. 




Ratio NaCN/ZH 

2.6 

2.8 

3.0 


Degree P. of solution 

82- 87 
88- 92 
93-100 


The bath components should be kept at ±; 5 % of the (‘oncenlralion values 
given for bright deposits and high cathode efficiency. A low ratio of NaCN/Zn 
raises the bright current density range, while increasing tlie ratio lowers the bright 
current density range and lowers the cathode efficiency. 

3. An oxidizing bright dip as 0.25-0.5% nitric acid may be used after plating 
to improve resistance to tarnish and finger staining. 

4. Sodium carbonate rarely accumulates excessively but should be kept be- 
low 6 oz./gal. 


5. Caustic soda must be maintained in proper concentration for good de- 
posits and high cathode efficiency. 

6. Special anodes containing magnesium or aluminum are available to insure 
proper rate of solution of zinc with minimum sludge. 


C. Zinc-Mercury 

1. Maintain at least 4 volts across plating tank bus bars; if vollage is less 
than 4, remove anodes until desired voltage is secured. 

2. In plating, mercury deposits with zinc, but during week-end or other 
longer shutdown, the mercury in the bath deposits on anodes and must be replaced 
with mercury salts. 

3. If bath builds up in zinc, replace one-third of zinc anodes with steel — 
preferably case hardened. 

4. Avoid excessive mercury in the bath or anodes as this may result in mer- 
cury spots on the work which may develop after plating. 


1 . 

2 . 

3. 


U. S. Patents 1,435,875, 1,451,543, 1,497,265. 
U. S. Patents 1,887,841, 1,888,202. 2.064,307. 
U. S. Patent 2,243,696. 
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METAL CLEANING 

For years MAC DERMID INC. 
has maintained an unsur- 
passed reputation for service 
to the metal finishing indus- 
try. Technical Data Sheets on 
individual compounds for 
cleaning, stripping, and pick- 
ling listing the special varia- 
tions, developed for indivi- 
dual operations, are now 
available to help you improve 
your cleaning-finishing-plat- 
ing cycle. 

*P%ec S4eet^ 


rm 












INCORPORATiD 

WATERBURY 88, CONNECTICUT 


WRiTt ONI OF THIS! SERVICt OROANIZATIONS FOR FREE DEMONSTRATION 




CNICAOO CtlVflANO 

tMiilit. Ctp. MtW. Crp. 

Dm. A.S«wM Mf.C*. McO.*. CKtm. C.» 




SURFACE TREATMENTS 


COLORING OF METALS 

By George B. Hogaboom 

Consultant, New Britain, O^onn. 

Coloring of metals is an art. The art bronzer should, therefore, have a fair 
knowledge of chemical and metallurgical principles, especially of alloys. The 
formulas listed in this section have been taken from the literature, with a few 
exceptions. All have been produced on a commercial scale. The results obtained 
by any individual will depend more upon the skill of the operator, his appreciation 
of color and the nature of the object that is to be colored, than upon the formula 
for coloring. 

Colors of almost unlimited variety can be given to metal by several methods— 
chemical, electrochemical, heat treatment and the application of lacquer and 
enamels. 


CHEMICAL 

The general term of “oxidizing” is applied to chemical coloring of metals. 
The oldest method and the one that will produce the largest number of shades 
ranging from black to a light brown as the final finish is the use of an alkaline 
sulfide. These sulfide salts were, at one time, known as “liver of sulphur” but now 
are divided into sodium, potassium, barium, ammonium sulfide or polysulfides, the 
latter, in the liquid state, being most generally used today. 

The liquid polysulfide is diluted with water to the strength required for the 
color to be produced. The stronger solutions develop the color more rapidly but 
with weaker solutions, while the time of obtaining the color is longer, the results 
are better as the film produced is more dense. 

As the color is produced progressively from an iridescent to a brown and fi- 
nally to a black, it is necessary to “catch” the color desired. No definite instruc- 
tion can be given as to the strength of the sulfide solution, the optimum tempera- 
ture or the length of the time of immersion. That must be learned through ex- 
perience. 

The color obtained on copper and its alloys is dependent upon the composition 
and physical structure of the basis metal. A zinc bronze — ^low brass — can be given 
a distinctive brown color that is almost impossible to produce on copper. The 
colors produced on cast metal seldom match those produced on wrought metal. 
Often castings are made from a large percentage of scrap metal and, to obtain a 
color to approximate that produced on wrought metal, it may require that the 
casting be electroplated in an alloy solution. That is true for coloring many metals 
in any chemical solution. 

In the coloring of high copper alloys to obtain a light brown shade, a weak 
solution of sulfuric acid — 2% — called “sour water” is used to “set” the color. The 
article to be colored, after thorough cleaning in an alkali solution and rinsing well 
with water, is immersed in a sulfide solution for a few seconds, then rinsed in 
water and followed by an immersion in the “sour water” and again rinsed in clean 
water. The rinse used after the sulfide dip should not be used. This sequence of 
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operations is continued until the desired shade of brown is obtained. All sulfide 
produced films require either wet or dry scratch brushing. 

“Relieving” to obtain a contrast of color may be done dry with a buff or with 
a scratch-brush, either wire or lampico, and pumice and water, or a suitable buffing 
compound. 

All sulfide colors are susceptible to the action of the atmosphere, especially if 
warm and moist. They should be given a coating of a good lacquer a slow drying 
lacquer often gives the best results when either air or heat dried. 

Small articles may be colored in bulk, then lacquered and “relieved” in a 
clean barrel with a small amount of a mild abrasive and sawdust. After this 
operation the articles are re -lacquered. 

It has been found that the use of a potassium sulfide solution gives the best 
results in bulk work that is “relieved” in a barrel. The colored coating is apparent- 
ly softer or tougher and a good “relief” is obtained. Sodium sulfide films appear to 
be brittle with the result that a “patchy relief” is obtained. 

In “Metal Coloring and Bronzing” by Hiorns will be found 135 formulas for 
coloring copper and copper alloys. 

Some of the methods for chemical coloring of metals follow. 


Black on Bross 


COPPER AND BRASS 


Copper carbonate 
Aqua ammonia 

Soda ash 

Water 


oz. 
4 ” 
y4 " 

1 gal. 


Temperature - 190° -200° F. 

The copper carbonate should be as free from sulfate as possible. Freshly 
precipitated well washed copper carbonate is best to use. The black color is more 
permanent on an alloy of 80% copper and 20% zinc than on common high brass 
(65% copper, 35% zinc). 


Blue on Brass 

Lead acetate - 2-4 oz. 

.Sodium tliiosulfate 8 ” 

Acetic acid 4 ” 

Water 1 gal. 

Temperature 180° F. 


This will produce a blue color on a nickel deposit and also on polished high 
carbon steel. The color will change if not lacquered. 


Antique Green on Brass 

Nickel ammonium sulfate - 8 oz. 

Sodium thiosulfate — 8 ” 

Water 1 gal. 

Temperature 160° F. 

Hardware Green on Bross 

Ferric nitrate 1 oz. 

Sodium thiosulfate . 6 ” 

Water I gal. 

Temperature 160° F 
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Brown on Brass or Copper 


Potassium chlorate SV 2 oz. 

Nickel sulfate 2% ’’ 

Copper sulfate ^ - 24 ” 

Water 1 gal. 

Temperature 195° -21 2” 


F. 


Bright Block on Brass 

Hydrochloric acid 1 gal. 

White arsenic 32 oz. 

Antimony chloride 20 ” 

Do not add any water. Use hot. 


Crystallized Brass or Bronze 

Copper sulfate 8 oz. 

Ammonium chloride 4 

Water 1 gal. 


Use either cold or warm. After crystallized effect has been obtained, a dip in a 
sulfide solution will bring out the crystal effect more distinct’y. 


Light Brown on Copper or Brass 

Barium sulfide V-j oz. 

Ammonium carbonate ^4 ” 

Water — 1 gal. 


The color is made more clear by wet scratch brushing and repeating the 
dipping. 


Borbedienne Bronze 

Potassium sulfide . .. 

Red ammonium sulfide 

Yellow antimony sulfide 

Aqua ammonia 

Water 

Wet scratch brush and repeat dipping operations. 


V 2 oz. 

V4 ” 

Vi 

1/2 " (fluid) 
1 gal. 


Verde Antique 

1 . Copper nitrate . . 4 oz. 

Ammonium chloride 4 ” 

Calcium chloride 4 ” 

Water 1 gal. 

• 2. Acetic acid V 2 gal. 

Ammonium chloride 20 oz. 

Sodium chloride 7 ” 

Cream of tartar 7 ” 

Copper acetate 7 ” 

Water . .. V 2 gal. 


These can be stippled on brass or copper but the green color effect will vary 
according to the alloy of the basis metal. The use of sodium salts impart a yellow- 
ish color to the green; the ammonium salts a bluish cast. 

The articles, if made of copper or copper plated, can be colored black in a 



sulfide solution and then stippled. This will give a background of a dark color that 
cannot be obtained on the clear copper. 

If, when the article is partly stippled and the antique green color begins to 
develop, the article is immersed in clean boiling water several different color effects 
may be obtained. 

^ By incorporating some dr>' colors, e.g. light and dark chrome green; burnt 
and raw sienna; burnt and raw umber; ivory drop white; drop black or Indian red; 
a vast number of effects can be obtained. By this method almost any of the colors 
found on ancient bronzes can be reproduced. 

After lacquering these finishes, the gloss of the lacquer can be removed by 
brushing with paraffin, beeswax or carnauba wax on a goats-hair wheel, operated 
at about 750 r.p.m. 


Tiffany Green 

Copper sulfate — - 8 oz. 

Ammonium chloride 4 

Sodium chloride — 4 

Zinc chloride 1 ’ 

Acetic acid 2 

Water 1 g^il- 


The addition of 1 oz. of glycerine will prevent the green from drying too fast 
and produce a more even color. The articles are immersed in this solution and, if 
the color is not uniform, the immersions are repeated as often as desired, allowing 
the work to dry thoroughly between immersions. 

ENGLISH BRONZE 

This finish is also known as “Old English” and “English Brass” finish. Two 
solutions are required. 


Solution No. 1 : 

Liver of sulfur or any polysulfide oz. 

Water 1 gal. 

Solution No. 2: 

Copper sulfate 2 oz. 

Water 1 gal. 


After cleaning thoroughly, the work is dipped in solution No. 1 and then into 
solution No. 2, without rinsing between dips. The articles are then rinsed in clean 
cold water and the dipping operations are repeated until the desired shade is 
obtained. 

For an even finish, the articles are scratch brushed dry and dipped once again, 
in solution No. 1 alone for light shades and in No. 1 and No. 2 for dark shades. 
They are then scratch brushed dry and lacquered. 

SILVER 

The finish used on silver is generally a gimrnetal shade, known as “French 
Gray”. This is produced by coloring the articles black and then relieving with 
pumice and water or with greaseless compound. The dark color is left in the re- 
cesses while the highlights are given a semi-gloss finish. 

The black color may be produced with a weak solution of any polysulfide 
such as red ammonium sulfide, liver of sulfur, etc., used hot and preferably with 
the addition of ammonia, where a darker color is desired. A concentration of 1-2 
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oz./gal. is satisfactory. This process gives an adherent finish, permitting shading 
from a deep grayish-black to a lighter color and finally to the silver base. It may 
be applied with a brush, instead of by immersion, if only a portion of the article 
is to be “oxidized,” less silver being removed In this way. 

Another solution which may be used is tellurium chloride. This solution is 
prepared by dissolving tellurium dioxide in hydrochloric acid and diluting with 
water. Although it can be used for immersion purposes, it is generally employed 
with a brush for filling in the recesses in ornamented articles, such as borders on 
holloware, for example. It is used hot, and the article should be heated if possible. 

Arsenic deposits have a color almost identical with silver sulfide and are being 
employed on jewelry and other items which do not come in contact with food. A 
formula for such solution appears in the section on Plating Solutions. Since no 
silver is used in the formation of the color, a thinner deposit may be employed, 
thus conserving the precious metal. 

Silver flatware, which is often cleaned electrolytically, in the home and 
restaurant, in contact with a piece of aluminum or zinc, cannot be antiqued with 
sulfides, since the sulfide would be reduced to metallic silver during the cleaning 
process. Black nickel deposits are sometimes employed for this application. 


COLORING ANODIZED ALUMINUM 

By Edword Washburn 

McKinney Mfy. Co., CoraopoloH, Pa. 

The coloring of anodized films is comparatively simple. Matching colors, 
however, requires skill. The final color is strongly influenced by the type of alloy 
used but all aluminum alloys that can be anodized can also be dyed and in general 
the lighter colors are more satisfactory on the purer forms of aluminum. Polish- 
ing, graining, etching, etc. should be done before anodizing, although the surface 
may be buffed after anodizing and dyeing in order to bring up a higher lustre. 
Before anodizing, high silicon alloys should be dipped white in a mixture of 90% 
nitric and 10% hydrofluoric acids followed by a dip in a mixture of 75% nitric 
and 25% sulfuric acids, if necessary. 

SULFURIC ACID FILMS 

Anodized films produced in the sulfuric acid electrolyte are generally easiest to 
color since they are thicker and more porous than films produced in the chromic 
acid bath and, as a result, have more affinity for the dyes. A solution containing 
about 15-25% sulfuric acid by weight is used and the temperature maintained at 
60-80° F., employing a lead-, rubber- or brick-lined tank and lead cooling coils. 
The fumes should be exhausted during anodizing. Voltages range from 12 to 18 
volts with a current density of approximately 8 to 20 amp./sq. ft. High silicon 
alloys give better films for coloring at lower voltages. Alloys of this type have been 
anodized at 6 volts, producing films in one hour which colored very well indeed.* 


♦Anodizing in a solution of sulfuric acid is a patented process of the Aluminum Co. 
of America, Pittsburgh, Pa. 
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CHROMIC ACID FILMS 


The conditions of chromic acid anodizing are somewhat more critical. The 
usual 5-10% chromic acid baths are used but at higher temperatures and for 
longer anodizing periods. Anodizing at 100° F. produces a very good surface for 
coloring, except for high silicon alloys, in which case the temperature should not 
exceed 80-85° F. If the temperature is allowed to rise above about 120° F. the 
films lend to become powdery and less resistant to salt spray corrosion. Anodizing 
time has been variously reported from 30 to 120 minutes, using 40 volts except for 
high silicon alloys, in which case the voltage is dropped to 30. In a properly 
operated bath, 60 minutes produces a very good film for subsequent coloring. 

The pH is maintained at 0.8 to 0.9 (1.25-1.5 for high silicon alloys gives better 
results). Batch type operation, in which a new solution is used until gradually 
exhausted, and then discarded, is an extremely unsatisfactory practice since the 
amount of built up impurities varies from beginning to end and has a decided 
effect on the darkness of the anodized film. Matching the colors produced on such 
films is a very difficult procedure. Uniform results are obtained by control of the 
bath according to the procedure given in the preceding section on ANODIZING 
ALUMINUM, namely periodic withdrawals of portions of the solution and replace- 
ment with chromic acid in amounts sufficient to adjust the pH to the proper 
value, maintaining the total chromic acid content at not more than 10%. 

COLORING 

After anodizing, articles are thoroughly rinsed in cold water. Hot water 
should not be used as it tends to seal the pores, impeding absorption of the dyes. 
The coloring processes consist of three main steps, all three being ordinarily used. 
They are: 

1. Dyeing 

2. Setting in Nickel Acetate 

3. Sealing 

Matching of colors requires that the original anodized films be of uniform thick- 
ness, porosity and color, as described above. 

DYE BATHS 

Color matching from day to day is accomplished by periodic additions of the 
dye and adjustment of pH to obtain a match on a test sample. Concentrations 
usually vary between 1 and 5 g./L. of dye. The addition of small amounts of 
acetic acid is employed in nearly all dye baths. The actual amount of acetic acid 
is best determined in production by gradually adding it until the desired evenness 
and intensity are obtained. It is not usually necessary to add more than 1 cc./L. 
When the correct amount of acid is determined, the pH should be checked electro- 
metrically (quinhydrone or glass electrode) and maintained at that value there- 
after. The pH will generally be between 4 and 8. Coloring time is from 15 to 
30 minutes, no further change in color being produced by longer immersion in 
most cases. Containers are preferably Monel, but glass, enameled steel, and in 
some cases plain steel, may be used. 

Some of the dyes and their average conditions which have been recommended 
are listed below. Varying the concentrations changes the shades. Combinations 
of dyes in different proportions will give unlimited range of tints. 
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FERRODEX 

The newly developed modern reverse cleaning 
process and compound for ferrous metals, 
ail ferrous alloys, solid copper and copper 
plated work. 

KEMTEX COMPOUNDS 

The trade name applied to a complete list of 
products for any industrial cleaning purpose. 
Materials for cleaning prior to plating, alumi- 
num processing, chemical black processes, 
treatment for magnesium and stripping com- 
pounds for paints, enamels and phenolics. 
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The high current carrying capacity of Keystone Metal* 
Graphite Brushes assures maximum operating efficiency. 
They have low contact drop which minimizes current loss 
and their excellent lubricating qualities provide smooth 
running. This high efficiency and long life results in eco- 
nomical generator operation. 

There is a Keystone Brush for all standard types of 
Low Voltage Generators, Contact Roll and Slip Ring appli- 
cations. We will gladly recommend the type best suited 
lor your reqiurements. 

Manufacturers of precision moulded products. 


1935 State Street, Saint Marys, Penna 



Red Dyes 



Cone. 

cc. Acetic 

Time 

Temp. 

Set 

Dye 

g./L. 

odded 

min. 

®F. 


Azorubine Extra - — - 

5 

1 

30 

180 

Yes 

Polar Red G-conc. 

5 

1 

30 

180 

Yes 

Guinea Red GL 

5 

1 

30 

180 

Yes 

Direct Fast Red 8BLA cone 

1 

None 

15 

140 

Yes 

Neolan Red BRE — 

5 

2 

180 

185 

Yes 

Cloth Red 2B Extra Cone. 

3 

1 

30 

180 

Yes 

Acid Orange GG Crystals — 

8 

1 

30 

180 

Yes 

Erie Chrome Orange R - 

5 

1 

30 

190 

Yes 

Quinoline Yellow P 

Yellow 

1 

Dyes 

1 

30 

190 

Yes 

Solatine Yellow FF cone. 

5 

None 

30 

180 

Yes 

Polar Yellow 5GN cone. - 

5 

1 

30 

190 

Yes 

Wool Yellow Extra 

5 

I 

30 

200 

Yes 

Aluminum Yellow A — - 

5 

1 

30 

200 


Blue, Block ond Brown 

Dyes 



Pontamine Fast Turquoise 

Blue 8GL 

5 

1 

30 

180 

Yes 

Aluminum Blue A 

5 

None 

30 

150 

Yes 

Erie Fast Cyanine S cone. 

5 

1 

30 

190 

Yes 

Niagara Sky 6B 

5 

1 

30 

180 

Yes 

Niagara Direct Blue RW 

1 

1 

30 

180 

Yes 

Nigrosine J Crystals 

7 

1 

60 

190 

No 

Nigrofiine JB 

5 

None 

30 

180 

No 

Neutral Brown RX 

5 

1 

30 

190 

Yes 

Naphtliol Green B - 

Green 

5 

Dyes 

2 

60 

200 

Yes 

Direct Erie Green Gy 

5 

None 

30 

200 

Yes 

Pontamine Fast Turquoise Blue 

8GL — 1 part and Polar Yellow 

5GN cone. — 2 parts mixed to- 

gether 

5 

1 

15 

190 

Yes 



Pontamine Fast Turquoise Blue 

8GL — I part and Quinoline Yel- 
low P Extra cone. — 2 parts 

mixed 

5 

I 

60 

180 

Yes 

Diphenyl Fast Blue-Green BL 

5 

1 

30 

190 

Yes 

Naphthaline Green V Extra cone. 

5 

1 

30 

210 

Boil 

Palatine Green BLNA cone. CF 

5 

2 

30 

210 

Yes 


It is also very interesting to note that anyone desiring to explore the possibili- 
ties of colored anodizing may get beautiful results with the common cloth dyes 
such as the Tintex and Diamond dyes. It is necessary to use a higher concentra- 
tion of these dyes, such as 25 g./L., because they are not as strong as some of 
the dyes listed above. Acetic acid in the usual small quantities should be used. 
Other regular rules of procedure prevail. 

SETTING 

After dyeing, the articles may be set in a nickel acetate solution having a 
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concentration of 5 g./L. and maintained at a pH of 5 and a temperature of 200® F. 
or higher. Immersion for about 15 minutes sets the dye and increases their water 
fastness. 

SEALING 

The water fastness of most colors is further improved by immersing in boiling 
water for 15 to 30 minutes. Bleeding of the dye may occur at first but at the end 
of about 30 minutes there is seldom any further loss of color. 

After dyeing, if the articles are placed in a drying oven at a temperature of 
180*190® F. before setting or sealing, there is less bleeding and the original color 
from the dye bath is more readily retained. A cabinet heated with steam coils or 
radiators is satisfactory for this purpose. 

Potassium and sodium dichromate are often used for sealing films produced 
in sulfuric acid anodizing baths but a yellow color is imparted to the finish. 


METALLIZING NON-CONDUCTORS 


SILVERIKG OF PLASTICS 

By Horold Narcus 

Technical Director, Electrochemical Industries, Inc., Worcester, Mass. 

The demand for commercial procedures for the electrodeposition of metals 
on plastics, which have become established upon their merits in widely diversified 
fields, is increasing daily. The deposition of these various metals on plastics has 
opened up a large new field in electrical engineering and electronics in addition 
to the costume and novelty jewelry industries which, at the present time, are 
utilizing the process with excellent results. Such plated plastics combine all the 
inherent advantages of the plastic and the required properties of the outer 
electrodeposited metal. The net result is a combination of a non-conductor and a 
conductor which promises further wide use in future radio, television and electronic 
activities. 

By plating on plastics, the undesir‘^ble properties of the plastics, such as 
absorption of oils, solvents and moisture, which may cause swelling or distortion 
of the basis organic material, are eliminated by proper choice and thickness of 
the outer layer of metal. The weatherability of the plastic is greatly increased. 
Experiments^ show a marked increase in tensile, impact and flexural strength for 
many synthetic resins when plated as compared with values for the same resins 
unplated. An appreciable increase in resistance to distortion from heat and a 
decrease in percentage of water absorption are obtained by complete envelopment 
of the plastic in a suitable metallic coating. However, the most important advantage 
of plating on plastics is the greater corrosion resistance of a metallic deposit when 
it is applied to a plastic base than to the usual metallic base since there are no 
galvanic couples with a basis metal. 

Advonf’oges of Chemical Reduction Method 

To render the plastic surface conductive, the methods using fine metal 
powders in a lacquer or varnish medium, metal spraying, cathode sputtering and 
metal evaporation have proven successful in specialized cases but were found 
inadequate for the majority of production methods in industry. On the other hand. 
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the chemical reduction method described in this section is best adapted to an 
economical productive set-up. 

The main advantage^ of the chemicil^ reduction method, especially the 
procedure using precipitated silver films, are (1) the silver film, in forming, 
covers the entire surface of the plastic regardless of its size or shape so that 
proper contact is immediately established over the entire surface; hence, instant 
plating takes place and the same thickness of metal results at every point on the 
surface; (2) the thickness of the very thin silver film can be controlled so as to 
permit subsequent electrodeposition of an outer metal in accurately determined 
magnitudes; (3) the fine details of certain specially-designed plastic parts arc 
exactly reproduced or maintained, and (4) costly equipment and special techniques 
are not required. 

Defoils of Chemical Reduction Method 

There are numerous methods described in both the trade journals and patent 
literature^r ^ for producing a conductive film on plastics for subsequent electro- 
deposition. In general, they accomplish the same result, namely, chemical reduction 
on a properly prepared plastic surface producing a highly conductive and reason- 
ably adherent metallic film. A typical example includes use of an ammoniacal 
silver nitrate solution with a suitable organic reducing agent followed by a deposit 
of copper, silver or lead as an intermediate layer and, finally, a top layer of the 
desired metal such as chromium, nickel, gold, silver, cadmium, zinc or iron. 

The preparatory treatments of the plastic surface are the governing factors 
which make for the success or failure of any process for “silvering” plastics since 
the chemical structure of the plastic determines the procedure to be employed 
for the application of the conductive film. The different types of plastic substances 
do not receive the same preparatory treatment. Some methods are applicable to 
one type of plastic while for another type they may be harmful and cause attack, 
excessive swelling, or even disintegration. The differences lie in the “de-glazing” 
of the hard plastic surface, its cleaning and so-called “sensitizing” (making the 
plastic surface more receptive to the conductive film to be formed thereon). 

The following examples may be cited. Plastics such as the phenolics, ureas, 
cellulose nitrates, styrenes and methyl methacrylates are given a slight “de-glazing” 
operation before cleaning and “sensitizing” while cellulose acetates undergo a 
“priming” operation prior to “sensitizing” before the surface is highly receptive 
to a continuous, adherent silver film. Rubber compounds are prepared for metalliz- 
ingio Jjy immersion in benzol or acetone for roughening after which they are 
cleaned in a mild cleaner and “sensitized.” Casein plastics use water as the swelling 
agent or “roughener” prior to their preparation to receive the silver film.^i Urea- 
formaldehyde resins are roughened in 10% hydrochloric acid and treated in a 1% 
ammoniacal ferrous sulfate solution for 15 minutes at 30° C. They are then placed 
in a 2% copper sulfate solution for 3 minutes at 30° C.^^. 

In general the formation of a suitably conductive and reasonably adherent 
silver film on a plastic surface involves the following steps: 

(1) Slight roughening or “de-glazing” of the plastic surface. 

(2) Cleaning the surface. 

(3) “Sensitizing” the surface. 

(4) Formation of the silver film by chemical reduction. 

The electrodeposition of an intermediate layer of copper, silver or lead and 
the application of the desired outer layer of metal then follows. 
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Roughening — "De-gla*ing" 

This procedure has two fundamental purposes: (1) to roughen the surface 
slightly or to remove glaze from the plastic article as it comes from the molding 
operation; and (2) to remove the “flash” or feather-edge from the molded piece. 
This operation is usually performed by (1) wet-tumbling in a mixture of 
pumice and water; (2) air-blasting with 220 mesh grain aluminum oxide, or (3) 
etching the part chemically. The surface preparation procedure used depends upon 
the size, shape and number of pieces to be treated and the chemical structure of 
the plastic. If the parts are small in size, the wet-tumbling procedure is employed, 
using tumbling barrels rotating at 40-50 revolutions per minute for one to five 
hours, depending upon the intricacy of the piece. Larger pieces are “de-glazed” 
with the aluminum oxide blast in the conventional type of blast cabinet. 

Chemical roughening methods must be used with extreme care so that the 
etchant will not cause too severe an etching action. Plastics of the phenol-formalde- 
hyde and urea-formaldehyde types as well as the cellulose esters can be treated 
in the usual acid bright dip solution (sulphuric-nitric-hydrochloric acid mixture) 
provided the excess acid is immediately rinsed away and the parts are immersed 
in a neutralizing solution such as a 10% sodium carbonate solution. Treatment for 
one to five minutes in a 5% to 10% sodium hydroxide solution may be used for 
etching plastics of the cellulose ester group; also organic reagents such as a 10% 
acetone solution. 

Cleaning the Surface 

The surface of the plastic must be freed from any greasy film, finger-marks 
or contamination following the roughening operation, otherwise a non-adherent 
and mottled silver film may result. Mild proprietary cleaners such as those 
employed for cleaning non-ferrous metals suffice in the majority of cases. Carbon 
tetrachloride or solutions of tri-sodium phosphate, or wetting agents, or mild 
caustic soda solutions may also be used. However, the chemical structure of the 
plastic material must be considered, in order to avoid chemical reaction between 
the cleaning agent and the plastic surface. Elevated temperatures may be used in 
cleaning provided these temperatures do not approach the distortion point of the 
plastic. 

The plastic piece should be thoroughly rinsed in water after cleaning and 
not allowed to dry prior to the next step in the preparation of the plastic surface 
for receiving the subsequent silver film. 

"Sensitizing" 

The most important step in the preparation of the plastic surface to receive 
a continuous and adherent metallic film that is capable of carrying current is the 
“sensitizing” treatment. 

The “sensitizing” treatment is best applied by immersion of the plastic part 
for one to two minutes in an aqueous solution of the agent. The reagent used must 
be thoroughly washed away with water, since incomplete removal results in a 
mottled, poorly adherent metallic silver film. 

Freund^^ uses a solution of the following formulation: 


Sulphuric acid (66° Be) 100 cc. 

Potassium dichromate 15 grams 

Water 25-30 cc. 
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Weiss^^ suggests immersion for ^-1 hour in a mixture made up of the follow- 
ing chemicals: 

Stannous sulfate 25-40 grams 

Sulphuric acid (hO'* Be) ^ 5-20 cc. 

Ethyl alcohol 150-250 cc. 

Quinol — 5-15 grams 

Water 600-1000 cc. 

Walker^ ^ recommends a solution of the following composition: 

Stannous chloride 360 grams 

Hydrochloric acid (C.P.) 216 cc. 

Water 4000 cc. 

Some prefer a more dilute stannous chloride solution represented by the 
formula : 

Stannous chloride — 10 grams 

Hydrochloric acid (C.P.) 40 cc. 

Water 1000 cc. 

Formation of the Silver Film 

The conduetive silver film is produced on the properly cleaned and “sensitized” 
plastic surface by chemically reducing an ammoniacal solution of silver nitrate 
by means of a reducing agent. Bureau of Standards Circular ^389 (1931) 
summarizes three methods for producing silver films or mirrors on glass which 
work equally as well on organic plastics. However, in commercial applications, 
the following modified formulation, using formaldehyde (40%) as the reducing 
agent, is being employed with excellent results: 


Ammoniacal Silver Nitrate Solution 

Silver nitrate (C.P.) 60 grams 

Distilled water 1000 cc. 

Ammonium hydroxide (28%) - 60 cc. 

Reducing Solution 

Formaldehyde (40% by volume) 65 cc. 

Distilled water 1000 cc. 


Although complete details for making up the ammoniacal nitrate solution are 
found in the previously mentioned governmental circular it would be well to 
review the procedure briefly since the amount of free ammonia in this silvering 
solution is most important. A relatively small excess of ammonia will prevent 
any deposition of silver on the plastic surface wliile too little ammonia will result 
in an excess of p^ecipi^ated oxide which is undesirable. 

The 60 grams of C.P. Silver Nitrate are dissolved in 1000 cc. completely and 
the concentrated ammonium hydroxide added with constant stirring. The precipi- 
tate first formed will redissolve when the entire amount of ammonium hydroxide 
is added. The resulting solution, after 60 cc. of concentrated ammonium hydroxide 
has been added will contain the proper amount oi free ammonia for a suitable 
silvering solution. It must be stressed that only concentrated ammonium hydroxide 
(28% — Sp.Gr. 0.90) should be used in the above formulation. If the strength of 
the ammonium hydroxide has decreased upon standing a proportionate amount 
more must be used in the formula. 
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The reducing solution is made by adding 65 cc. of formaldehyde (40% by 
volume) to 1000 cc. of distilled water. Here again, if the strength of the formal- 
dehyde has lessened a proportionate increase in the amount of formaldehyde 
must be employed. 

The plastic parts, after being properly prepared, if in bulk, are “bonded” or 
“silvered” by placing them in an inclined rubber or synthetic lined container 
rotating at 4-5 revolutions per minute with enough water to completely cover the 
pieces. The container is best to possess ribs on its inner wall and bottom to insure 
against mass rolling of the parts which results in partial silvering. The proper 
volume of the freshly prepared ammoniacal silver nitrate solution is then added 
and an equal volume of the formaldehyde reducing solution. The quantity of the 
silvering solution required depends upon the total surface area of the work being 
“bonded” keeping in mind that the container’s inner surfaces will also utilize 
some of the available silver. Larger pieces, not suitable for bulk handling as 
described are treated on racks or, in some cases, are sprayed with the silver and 
reducing solutions simultaneously hitting their surfaces through a specially- 
designed dual spray gun. 

The “silvering” treatment continues until all the silver has been precipitated 
from the ammoniacal silver nitrate solution. This point may be determined by 
removing a sample of the “bonding” mixture and testing lor precipitation of silver 
chloride with a 10% sodium chloride solution. The “bonding” operation usually 
requires 20 to 30 minutes to produce a silver film capable of carrying current to 
receive an electrodeposit of the intermediate layer of metal. A suitable silver 
film can be tested with an ohmmeter for conductivity or with a flashlight bulb 
connected in series with two test prods and a dry cell. 

Following the “bonding” treatment the parts are rinsed thoroughly and allowed 
to dry preferably overnight or by a hot air blast. 

The intermediate layer of metal is best applied from the conventional type of 
acid copper plating bath. This deposit, after bright-dipping, buffing or tumbling 
is then ready for the desired final coat of metal. 
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BRONZING BABY SHOES 

By G. B. Hogaboom, Jr. and Nathaniel Hall 

Newt^Jt, N. J. 

The first step in metallizing such articles is to tack down the laces, after 
which the leather is sealed by soaking in lacquer, shellac or wax. The last is 
generally employed, even though additional steps are required, because it is possible 
to shape the shoes while the wax is still soft. Paraffin or a mixture of paraffin 
and beeswax is used. . 

When the wax has set, two coats of shellac are applied by dipping, to prevent 
action of the lacquer thinner on the wax. Although the conducting film may be 
sprayed on the shellac surface directly, an intermediate coat of boiled linseed oil 
should be applied and allowed to dry, if the bronzing lacquer is to be brushed on, 
since the lacquer does not cover shellac well when brushed on. If linseed oil has 
been used, it is considered good practice to apply a coat of regular lacquer before 
bronzing, since the bronzing lacquer does not contain sufficient solids for good 
adhesion. 

The bronzing mixture consists of the following: 


Nitrocellulose lacquer 1 fl. oz. 

Lacquer thinner 7 ” ” 

Copper bronze powder 2 oz. 


Only enough for immediate use should be prepared since the metal powder 
often causes the lacquer to jell. The lacquer should be low in gum (less than 5%) 
and should be added after the thinner and powder have been well mixed. If the 
copper powder is greasy, it should be washed with thinner before using. A satis- 
factory powder may be purchased from B. F. Drakenfeld & Co., Inc., 45 Park 
Place, New York City, under the name of “Extra Fine Platers Copper Powder.” 
This powder is practically grease free and does not require washing with thinner. 

When spraying, the gun is not held close enough to flood the surface but at a 
distance so that the film dries almost as soon as it is applied. The surface must be 
dull when dry. If glossy, it indicates that the copper is coated by a layer of lacquer 
which will prevent the passage of current. When completely covered (two coats 
are usually sufficient), the article is allowed to dry for 1-2 hours, fine wire is 
attached at a few points for distribution of current and the object is plated in the 
regular acid copper bath for about 2 hours at 20-25 amp./sq. ft. Most, if not all, 
of the object should be coated with copper deposit, by now, and the fine wires 
may be removed and replaced with a copper hook, attached at some point where 
the mark will not be noticeable, or by a single wire in contact with the copper 
deposit. The deposition of copper may now be continued as long as desired at from 
10 amp./sq. ft. up, depending on the cleanliness of the solution and the agitation. 
Before plating, it is desirable to immerse the object in a cyanide silver solution 
having the same formula as the regular silver plating solution. This immersion 
coats the copper powder with silver and makes it a better conductor. Any spots 
which have been insulated by the lacquer show up in the original color, whereas 
those portions which are ready to conduct the current will take on an immersion 
silver deposit and will be of creamy color. The bad spots can then be touched up 
immediately, instead of showing up after copper plating. 

After copper plating, the articles can be treated in the same manner as solid 
copper, to which oxidized, silver and gold finishes are applied, after polishing. 
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PLATING CALCULATIONS 


DETERMINING SURFACE AREA OF STAMPINGS 

By Nathaniel Hall and G. B. Hogaboom, Jr. 


The accompanying charts may be used to determine the surface area of the 
great majority of stamped products of copper, brass and steel with an accuracy 
which is sufTicient for all practical plating purposes and with a minimum of effort. 

There are a few conditions which will affect the accuracy of these charts. If 
the stampings are of heavy gauge, and are either very small or have a large number 
of holes punched in them, the areas of the cut edges should be taken into account. 
Also if there is an appreciable reduction in the thickness of the sheet, such as is 
encountered in deep drawing, the final thickness of the stock will be less than the 
original gauge and the surface area will be greater by an amount depending on 
the amount of reduction. 

To determine the surface area of an ordinary stamping, a sample, or a few 
samples if the articles are very light, is weighed up, and if the Brown and Sharpe 
gauge is not known, the thickness is measured with a micrometer caliper. The 
point on the horizontal scale corresponding to the weight of the sample in ounces 
or grams is followed vertically until the curve corresponding to the stock gauge or 
thickness is reached. A horizontal line drawn from this point will intersect the 
vertical axis at a point corresponding to the area of the sample. 

For example, if a brass stamping of #22 B. & S. stock weighs 4.6 ounces, a 
line is drawn vertically at this weight on Figure 1, which is for sheet brass, until it 
hits the 22 gauge curve (see dotted lines. Fig. 1). A horizontal line drawn from 
this point intersects the vertical axis at 0.514 square feet. If the samples are very 
light, a number of pieces are weighed together, in which case the surface area will 
be that for the sum of the pieces. 

Occasionally it will be found that a large stamping of light gauge or a heavy 
stamping will not fit the scale. In such cases an appropriate fraction of the weight 
is used with the chart. 

For example, a brass stamping of #30 B. & S. brass weighs 4.2 oz. We find 
that the 4.2 oz. line in Fig. 1 does not intersect the #30 B. & S. Curve. We there- 
fore, look up the area of half this stamping which would weigh 2.1 oz. and find it 
to be 0.595 square feet. The whole stamping, therefore, has an area twice this or 
1.19 square feet. 

As another example, suppose a stamping of 1/16" brass stock weighs 23 oz. 
Since the scale goes only to 8 oz., we would look up an area corresponding to say 
one-tenth the stamping or 2.3 oz. and find it to be 0.103 square feet. The area of 
the stamping would, therefore, be ten times this or 1.03 square feet. 

Charts such as these are much more satisfactory than the common practice of 
tracing outlines of the stamping on cross-section paper and adding up the squares, 
especially on stampings of complicated shape. The determination requires mu«h 
less time and all that is necessary is a knowledge of the thickness of the metal and 
a small scale which will read in ounces or in grams. A postal scale is usually suffi- 
ciently accurate for this purpose and is available almost everywhere. 
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NOMOGRAPH ON THICKNESSES OF ELECTRODEPOSITS 

By Arthur S. Covert 

The nomograph on page 154 is designed to answer the questions most fre- 
quently met by the plater who wishes to deposit a given thickness of metal. Given 
the metal to be plated and the current density, it indicates the time required to 
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deposit a given thickness or conversely the thickness achieved in a known time. 

For example, suppose it is desired to find the time necessary to produce a 
nickel plate 0.5 mils (0.0005 inches) thick at a current density of 20 amperes per 
square foot. To determine this from the chart, draw a line with a straight edge 
from the nickel point through the 0.5 mil point intersecting the reference line R. 
This intersection is connected to the 20 amperes per square foot point by another 
straight line, which when extended to the time scale gives the required lime, in this 
case 29 minutes. 

To calculate the amount of metal deposited in a given time, this procedure is 
reversed. 

It must be noted that this nomograph is based on 100%. current efficiencies, 
hence the actual plating times will be greater. Typical current efficiencies for var 
ious baths may be found on page 205. In the above example if the current efficiency 
were 95% the total plating time would be, 29 divided by 0.95 or 30.5 minutes. 


THICKNESS OF ELECTROPLATE 
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IVIbA>UKIIS(9 5UKrA^e akea 
By Nathaniel Hall and G. B. Hogaboom, Jr. 

In order to determine the time required to deposit a desired thickness of a 
given metal 4 factors must be known. The amperes may be read from the tank 
ammeter. The approximate efficiency can be found in the tables for the different 
plating solutions. The electrochemical equivalent, or, for practical purposes, the 
current density in amperes per square foot required to deposit a thickness of 0.001" 
per hour will also be found in the tables. 

The most troublesome factor is the area of the surface to be plated, but, this 
determination may be simplified by breaking down complicated shapes into simple 
geometric figures, the areas of which are determined using the following formulas: 



1 

B 

i 




SQUARE: 

Area = A X B 

Example: Square 2" on a side. 

Area = 2 X 2 4 sq. in. 



] 

B 

J 

W A ^ 



RECTANGLE: 

Area == A X B 

Example: Rectangle 3" by 2". 

Area = 3 X 2 = 6 sq. in. 



TRIANGLE: 


Area = ^ X hose X altitude = ^ X A X B 

Example: Triangle with base of 4" and height of 3". 


Area ~ 1/2 X 4 X 3 = 6 sq. in. 



PARALLELOGRAM: 

( Opposite sides parallel) 

Area = length of side X verticol distonce to por- 
allel side = A X B 

Example: Parallelogram with one side of 3" and a 
distance of 2" between this side and the 


parallel side. 


Area = 3 X 2 = 6 sq. in. 
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Area : 


TRAPEZOID: 

( One pair of opposite sides parallel) 

Area =: ^ sum of the parallel sides X vertical dis- 
tance between them = ^ X (A -t- B) 
X H 

Example: Trapezoid having parallel sides 3" and 2" 
long respectively, distance between them be- 
ing 2". 

% X (3 -f 2) X 2 = 5 sq. in. 


HEXAGON: 

( Six equal sides, all angles equal) 

Area =r 3/2 X length of one side X distance between 
any two parallel sides = 3/2 X A X B 

Example: Hexagon 1.16" on a side and 2" between flats. 
Area 3/2 X 1.16 X 2 = 3.48 sq. in. 

Area = 0.87 X square of distonce between ony two porallel sides = 0.87 
X B2 = 0.87 X B X B 

Example: Same as above. 

Area = 0.87 X 2 X 2 = 3.48 sq. in. 




CIRCLE: 

Areo = 0.785 X square of the diameter = 0.785 X 
D2 = 0.785 X D X D 

Example: Circle 2" in diameter. 

Area = 0.785 X (2)2 0.785 X 2 X 

2 = 3.14 sq. in. 



ELLIPSE: 

Area = 0.785 X diometer X short diameter z= 
0.785 X A X B 

Example: Ellipse 3" X 2". 

Area = 0.785 X 3 X 2 r::: 4.71 sq. in. 



PARABOLA: 

Area = 2/3 base X height = 2/3 X A X B 

Example: Parabola with 3" base and height of 4". 
Area = 2/3 X 3 X 4 = 8 sq. in. 



SPHERE: 

Area = 3.14 X square of diameter = 3.14 X ^ 
= 3.14 X D X D 

Example: Sphere 2" in diameter. 

Area = 3.14 X (2)2 =z 3.14 X 2 x 2 = 
12.56 sq. in. 
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CUBE: 

(All sides equal) 

Area = 6 X square qf one side = 6A2 = 6 X 
A X A 

Example: ICube 2'' on a side. 

Area = 6x (2)2 = 6x2x2 = 24 
sq. in. 



RECTANGULAR PARALLELOPIPED: 

( Opposite sides parallel) 

Area = 2 X (AB + BC + CA) 

Example: Block having sides 2", 3" and 4" 
long respectively. 

Area = 2x (2x3-|-3x4-f 

4 X 2) = 2 X (6 + 12 + 

8) = 52 sq. in. 



CYLINDER: 

1. HOLLOW: 

Area = Circumference X length = 3.14 X U X A 

Example: Tube 2" in diameter and 6" long. 

Area = 3.14 X 2 X 6 = 37.7 sq. in. 

(Note: If outside and inside areas are to be determined 
the average of the inside and outside diameters should 
be used in the formula and the result doubled.) 


2. SOLID: 

Area = Circumference X length plus twice cross-sectional area = 3,14 
X D X A + 1.57 X D X D 


Example: Round bar 2" in diameter and 6" long. 

Area = 3.14 x 2 X 6 -f 1.57 X 2 X 2 = 37.7 + 6.28 = 44.0 
sq. in. 



CONE: 

1. HOLLOW: 

Area =: ^ X circumference of base X slant height =: 
^ X 3.14 X D X S = 1.57 X D X S 

Example: Cone 2" in diameter at base and 3" slant height. 

Area = 1.57 X 2 X 3 = 9.42 sq. in. 

(Note: If outside and inside areas are to be determined the 
average of the outside and inside diameters and of the out- 
side and inside slant heights should be used in the formula 
and the result doubled.) 


1 . SOLID: 

Area = ^ X circumference of base X slant height + orea of base = 
1.57 X D X S + 0.785 X D X l> 

E/xample: Same as above. 

Area = 1.57 X 2 X 3 -f 0.785 X 2 X 2 = 9.42 3.14 = 12.56 

sq. in. 
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FRUSTRUM OF CONE: 

1. HOLLOW: 

Area = % sum of circumferences of bases X slant 

height = 1.57 X (D + d) X S 

Example: Tapei'ed tube, 2" diameter at small end, 3" di- 
ameter at large end and 3" slant height. 

Area = 1.57 X (3 + 2) X 3 = 23.6 sq. in. 
(Note: If outside and inside areas are to be determined the average of the out- 
side and inside diameters should be used in the formula and the result 
doubled.) 



2. SOLID: 

Areo = ^ sum of circumferences of hoses X slant height + sum of areas 
of bases 

= 1.57 X (D + d) X S + 0.785 X (D2 + d2) 

= 1.57 X (D + d) X S + 0.785 X (D X D + d X d) 

Example: Tapered bar, 2" diameter at small end, 3" diameter at large end 
and 3" slant height 

Area = 1.57 X (3 + 2) X 3 + 0.785 x(3 x3 + 2x 2) = 
23.6 + 10.2 = 33.8 sq. in. 


IDENTIFICATION OF DEPOSITS 


Lacquer coatings, when present, should be removed with thinner, after which 
the metal deposit is scratch brushed lightly or scrubbed with a paste of magnesia 
powder and water and rinsed well. The deposit is then treated with a solution of 
equal parts of nitric acid and water for about two minutes. 

PLATING NOT ATTACKED BY HNO 3 : Indicates aluminum, chromium, gold or 

platinum group metals (palladium, platinum, rhodium). 

1. Gold: A colored deposit unattacked by nitric acid would be gold or a gold 
alloy. 

2. Aluminum: Treat the deposit with 10% caustic soda solution. If it is at- 
tacked, aluminum is indicated. 

3. Chromium: Treat the deposit with concentrated hydrochloric acid. Develop- 
ment of a green solution indicates chromium. 

4. Platinum Group Metals: White deposits which are unaffected by either 
nitric acid or hydrochloric acid are in this group. 

PLATING ATTACKED BY HNO 3 ; 

A. Blue or Green Solution: Indicates chromium, copper, copper alloys or nickel. 

1. Copper: Evaporate the solution to dryness. Dissolve the residue in 1 cc. of 
20% by volume solution of sulfuric acid, then dilute to 100 cc. Immerse an 
iron nail in this solution for 4 hours. A red coating indicates copper or a 
copper alloy. 

2. Nickel: Make the solution alkaline to litmus with concentrated ammonia 
and add 1 cc. of a 1% solution of dimethylglyoxime in 95% ethyl alcohol. 
A flocculent reddish or pink precipitate indicates nickel. 

3. Chromium: If the tests for nickel and copper are negative, the deposit is 
chromium. 
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BuHetin 4-4449— Potassium High-Spood 
Copper (ltH-661) 

Bulietin A-4355-> Sodium High-Speed Copper 
Plating (RH-553) 

^ Bulletin 4-8084— Electrotinning 

Bulletin 4-4555— Drop Tests for Zinc, Codmlum 
and Copper 

Bulletin A~4455 — ^'Zin - O - Lyte'' Bright Zinc 
Plating Process 

Bulletin A-4456 — '^Moiy-Blaclc^^ Molybdenum- 
Nickel Electroplating Process. 

Bulletin 4-4119 — '^Cadaiyte^' Cadmium Ploting 

Bulletin 4-4494 — ''Plating Test Control of 
Plating Baths" 

Bulletin 4-4741— "Durobrite" Zinc Plating 
Process 

Bulletin £I-Pb — Sulfamate Lead Plating 

1 



H kue are up-to-date practical data idr 
every plater, giving llie answers to 
many tough prodiK'tion problems. Eacli 



b<K)k (‘overs a single type of plating — 
giv(‘s op<Tating details tliat can save time 
and money. 


BUT I R THINGS FOR BETTER LIVING... 
THROUGH CHEA1ISTRT 

E. I. DU PONT DE NEMOURS & C0.(lNC.) 

ELECTROCHEMICALS DEPARTMENT 
Sodium and Cyanide Products Division 
Wiimington 98, Delaware 

SALES OFFICES: Hull imore, Boiston, 
Charlotte, Chiea|i;o, Ciiieiniiati, 
ClevelaiKl, Detroit, El IVloiiie, 
Ka^!^asCaty," New York, Philadel- 
phia, Pitt8burjj;h, San Franeiseo. 
*Barada & I*age, Inc. 


Write for the books that you can use. And 
remember — whatever your plating prob- 
lem, there’s a Dti Pont process — and tlie 
right materials — to help you. Experienced 
Du Pont Teelinieal Men will assist you 
in setting up and operating the pr(x*ess 
that will best meet your needs. Address 
E. 1. du Pont de rSeniours &. Go. (Inc.). 
Eleclroebemicals Department, Wilming- 
ton 98, Delaware. 


JUST TURN THE PAOE->- 












B. Cloudy White Solution: Indicates tin. 

1. Tin: Dissolve another sample in concentrated hydrochloric acid and add 
solid cacotheline. A reddish- violet color will confirm the presence of tin. 

C. Colorless Solution: Indicates cadmiumv lead, silver or zinc. 

1. Zinc: Make the solution alkaline to litmus with concentrated ammonia. 
Then add 10% sodium sulfide solution. A white precipitate indicates zinc. 

2. Cadmium: Make the solution alkaline to litmus with concentrated ammonia. 
Then add 10% sodium sulfide solution. A yellow precipitate indicates 
cadmium. 

3. Silver: Add 10% caustic soda solution until the solution is alkaline to lit- 
mus. A brownish-black precipitate indicates silver. 

4. Lead: If zinc and cadmium are absent, add 10% caustic soda solution until 
the solution is alkaline to litmus. A white precipitate indicates lead. 

In making tests for deposits by the above procedure it is important to be cer- 
tain that the attack noted is attack of the deposit and not of the basis metal. For 
example, in the case of gold deposits on brass a blue solution will be obtained in a 
few seconds if the deposit is thin. Insoluble flakes of gold, however, will be seen 
to be present in the resultant solution. 


ANALYSIS AND TESTING 

ANALYZING PLATING SOLUTIONS 

By Nathaniel Hall ond G. B. Hogaboom, Jr. 

In the following pages are given the methods of analyzing solutions. It is 
important to note that in connection with these methods, has come a growing 
movement to standardize the laboratory technique and equipment required. As a 
result, “testing sets” have been made available to the industry by a number of 
manufacturers, the use of which has simplified the operations to such an extent 
that analyses can now be made quickly and accurately by men who are not trained 
chemists. Any plater can, in a short time, learn to operate the apparatus and 
perform the .operations. No complicated mathematical computations are required. 
Sets are now available for analyzing all of the standard solutions used in plating 
plants; brass and bronze, cadmium, chromium, acid copper, cyanide copper, acid 
gold, cyanide gold, nickel, silver, acid zinc and cyanide zinc, etc. 

The standard solutions used in the following methods of analysis can be pur- 
chased made up ready to use. (Write Metal Finishing for names of suppliers.) 

Taking Sample of Plating Bath 

1. Bring the solution up to the correct tank level. If this is not done the 
analysis will not be correct. 

2. Stir the plating solution thoroughly. 

3. Take a 100 cc. sample. A large sample is more likely to be representative 
of the plating solution than a small one. It is a good idea to take the sam- 
ple by sticking a long glass tube into the plating solution, allowing it to 
fill and then, holding your finger over the end of the tube, withdraw a 
column of liquid from the tank and allow it to drain into a dry flask by 
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removing your finger from the end of the tube. If this method is used, a 
cross section sample of the plating solution will be obtained which will be 
more indicative of the bath itself, 

4. Filter the plating solution sample before starting the analysis to insure 
removal of foreign matter. j • 

I. ARSENIC SOLUTION * 


A. Free Cyanide; 

1. Pipette a 10 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 100 cc. of distilled water and 5 cc. of 10% potassium iodide (KI) 
solution. 

3. Titrate with standard 0.1 N silver nitrate (AgNOg) solution until a faint 
yellowish turbidity persists. 

The standard AgNOg solution is prepared by weighing out exactly 
17.00 g. of the C. P. salt and dissolving in distilled water, after which it is 
diluted to exactly 1 liter in a volumetric flask. 

The SODIUM CYANIDE (NaCN) in oz./gal. is equal to: 0.131 x cc. 
of 0.1 N AgNOg required for sample of solution. 

B. Carbonates: 

1. Proceed exactly as in III-C on page 171. 

C. Metallic Arsenic: 

1. Pipette a 5 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 100 cc. of distilled water and a few drops of 2% phenolphthalein in 
alcohol solution, 

3. Add 10% hydrochloric acid (HCl) solution cautiously until the pink color 
disappears. 

4. Add 2-3 grams of sodium bicarbonate (NaHCOg) and 2 cc. of starch indi- 
cator, prepared as in II-C-8 on page 165 and titrate with standard 0.25 N 
iodine solution until a permanent blue color appears. 

The standard iodine solution is prepored as follows: 

60 g. of potassium iodide (KI) are dissolved in 200 cc. of distilled water. 
32 grams of pure iodine (I 2 ) are added and the whole diluted to 1 liter 
after the I 2 has dissolved. Exactly 0.33 g. of C. P. arsenic trioxide 
(AsoOg) containing 0.25 g. of arsenic is weighed out and dissolved in a 
250 cc. erlenmeyer flask with 1 cc. of concentrated HCl. To this is added 
100 cc. of distilled water and then 2-3 g. of NaHCOg and 2 cc. of starch 
indicator. The solution is now titrated as above with the standard iodine 
solution. 

The METALLIC ARSENIC (As) in oz./gal. equals: 

6.68 ] 

I cc. of iodine required for sample of 

cc. iodine required for [ ^ solution. 

0.33 g. arsenic trioxide J 

The figures inside the brackets represent the factor for the standard 
iodine. 

D. Sodium Hydroxide 

1. Pipette a 5 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 10 cc. water and 8 drops of LaMotte Sulfo-Orange Indicator. 

3. Titrate with standard 1.0 N hydrochloric acid (HCl) solution prepared 
as in III-C-7 on page 171 until the color changes from orange to yellow. 
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The SODIUM HYDROXIDE (NaOH) in oz./gal. equals: 

[1.07 X Norinfllity of HCIJ X cc. of UOl rccjmrcd for s&mplc of solution* 

The figures inside the brackets represent the factor for the standard 
hydrochloric acid. 

II. BRASS AND BRONZE SOLUTIONS 

A. Free Cyonide 

1. Proceed as in I-A on page 163. 

Note: The results in brass and bronze solutions are consistent only if 
exactly the same procedure is used for each analysis since the method does 
not strictly determine free cyanide due to the presence of an unknown 
amount of sodium zincate. 

B. Carbonates: 

1. Proceed exactly as in III-C on page 171. 

C. Metallic Copper 

1. Pipette a 10 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 5 cc. concentrated sulfuric acid (H2SO4) and V2 cc. of concentrated 
nitric acid (HNO3) from a 10 cc. graduate while shaking under a hood. 
(This operation must be carried out under a hood because poisonous 
cyanide fumes are evolved). Boil until dense white sulfur trioxide (SO3) 
fumes are given off. (If all the nitric acid is not removed, subsequent 
titration will be difficult.) If the solution contains Rochelle salts, use 
10 cc. of H2SO4 and as soon as the SO3 fumes are given off, cool slightly, 
add 2 cc. of HNO3 and boil to fuming in order to decompose the carbona- 
ceous precipitate which will otherwise obscure the titration end-point later. 

3. Cool and add 100 cc. of distilled water. 

4. Add concentrated ammonium hydroxide (NH4OH) until the solution is 
colored a darit blue and boil for 15 min. 

5. Add 10 cc. of 30% acetic acid (HC2H3O2) solution. The solution should 
be colored light blue. 

6. Cool to room temperature, add 25 cc. of 20% potassium iodide (KI) solu- 
tion and shake. 

7. Titrate with standard sodiutn thiosulfate (Na2S203-5H20) solution until 
the brown color begins to turn yellow. 

8. Add 2 cc. of 1% starch solution, prepared by making paste of 1 g. of 
starch with very little water and adding it to 100 cc. of boiling water, and 
continue titrating until the blue color disappears for about 1 minute. 

The standard thiosulfate is prepared as follows: Dissolve 25 grams of 
Na2S203-5H20 in 1 liter of water. Weigh out exactly 0.20 gram of pure 
copper wire and dissolve in 1:1 nitric acid. Add 5 cc. concentrated H2SO4 
ani boil until SO3 fumes are evolved. Cool, add 100 cc. of distilled water 
and add NH4OH until the solution turns a deep blue color. Add 30% 
acetic acid solution until the color changes to a light blue or bluish green. 
Cool, add 25 cc. of 20% KI, shake and titrate with the thiosulfate solution 
as in II-C-7 and II-C-8 above. 

The METALLIC COPPER (Cu) in oz./gal. equals: 

f 2.67 

j cc. of thiosulfate required for sample 

1 cc. thiosulfate required ^ of solution. 

[ for 0.20 g. of copper 

The figures inside the brackets represent the factor for the standard 
thiosulfate solution. 


165 



Buffing & Polishing 
Compositions 

ARE THE SOLUTION 
TO YOUR PROBLEMS 

RELIABLE EFFICIENT ECONOMIC 

O 

STAINLESS STEEL - CHROME - TRIPOLI 
Nickel Finish - Satin Finish - Emery Cake - Grease Stick 

Write Today for Illustrated Booklet 

THE BUCKEYE PRODUCTS CO. 

7026 Vine Street 
CINCINNATI 16, OHIO 


Potassium Gold Cyanide 

for liiOLD PLATINI; BATHS 
of Vari€»u» Laralw and Tiplors 

Only reagents of the highest purity 
are used in the manufacture of our 
Potassium Gold Cyanide . . . Supplied 
in prepared solution form so that it is 
ready for use immediately. 


SIGMUND COHN & CO. 

44 Gold Street New York 


D. Metallic Zinc: 

1. Pipette a 10 cc. sample into a 250 cc. beaker. 

2. Add 50 cc. of distilled water and heat almost to boiling. 

3. Add, while stirring, 25 cc. of 15% sodium sulfide (Na2S) solution and 
allow to settle. If the precipitate is dark, add scune 3% sodium cyanide 
(NaCN) solution to whiten it. 

4. Filter and wash with hot water containing a few drops of Na2S solution. 
Discard the filtrate. 

5. Transfer the precipitate and filter paper to the beaker in which the pre- 
cipitation was made. Add 10 cc. of concentrated hydrochloric acid (HCl) 
and a few crystals of sodium sulfite (NaoS03-7H20) . 

6. Boil to expel the hydrogen sulfide (H2S) gas, add 150 cc. of dis- 
tilled water, heat almost to boiling and titrate with standard potassium 
ferrocyanide [K^Fe (CN) q- 3H20] solution using 5% uranium acetate 
[1102(0211302) 2'2H20] solution as an outside indicator, until a drop of 
the solution added to a drop of the indicator on a porcelain plate results in 
a brown color. 

The standard ferrocyanide is prepared as follows: 22 g. of the crys- 
tallized salt are dissolved in 1 liter of distilled water. Exactly 0.25 g. of 
pure granulated zinc (Zn) are dissolved in a mixture of 5 cc. HCl and 
5 cc. of distilled water in a 250 cc. beaker. Add 150 cc. of distilled water 
and heat almost to boiling. Titrate with the standard ferrocyanide as 
above in II-D-6. 


The METALLIC ZINC 

3.34 1 


cc. of ferrocyanide sol. re- 
quired for 0.25 g. zinc 

The figures inside the 
ferrocyanide solution. 


(Zn) in oz./gal. is equal to: 

cc. of ferrocyanide required for sample 
of solution. 

brackets represent the factor for the standard 


E. Rochelle Saif: 

1. Pipette a 5 cc. sample into a 250 cc. volumetric flask. 

2. Add 100 cc. of distilled water, a pinhead of solid phenolphthalein powder 
and exactly 5 cc. of nitrobenzene. 

3. Add 1 % solution of sulfuric acid (H2SO4) dropwise until the pink color 
just disappears. 

4. Add drop by drop, while shaking, 10% silver nitrate (AgNO^) solution 
until the color of the precipitate changes from white to blue gray. 

5. Shake for % minute to coagulate the precipitate and add 1 drop of AgNO^ 
solution to the clear supernatant liquid to determine whether precipitation 
of the metal and cyanide is complete. 

6. Bring the solution to the 250 cc. mark with distilled water, then add exact- 
ly 5 cc. more and shake thoroughly. 

7. Allow to stand until the precipitate has settled and then draw out exactly 
50 cc. of the clear liquid into a 500 cc. erlenmeyer flask. 

8. Add 5 cc. of 20% H2SO4 solution, 5 grams of manganese sulfate 
(MnS04*4H20) and 100 cc. of distilled water. Heat to about 160® F. and 
add slowly with agitation, exactly 20 cc. of standard 0.1 N potassium per- 
manganate (KMnO^) solution. 

9. Allow the hot sample to stand for 5 minutes and cool to room temperature 
under running water. 
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10. Add 2 grams of solid potassium iodide (KI) and 2 cc. of 1 % starch solu- 
tion prepared as in II-G-8 on page 165, and shake the flask for a few seconds. 

11. Titrate with 0.1 N sodium thiosulfate (Na2S203*5H20) solution until the 
blue color disappears for about 1 minute. 

The standard thiosulfate is prepared as in U-C-8 on poge 165. 

Its normality is equal to: 

3.15 


cc. thiosulfate required for 0.20 g. of copper 
The standard permanganate is prepared as follows: Dissolve 3.2 grams 
of KMnO^ in 1 liter of distilled water and let stand 24 hours. Pipette a 
10 cc. sample into a 500 cc. erlenmeyer flask, add 100 cc. of distilled water, 
5 cc. of 20% IIoSO^ solution, 2 grams of potassium iodide and shake for 
a few seconds. Add 2 cc. of 1% starch indicator and titrate with the 
standard thiosulfate until the blue color disappears for about one minute: 
The normality of the permonganate is equal to: 
cc. of thiosulfate required X Normality of the thiosulfate 


10 

The ROCHELLE SALT (KNaC4H4064H20) in oz./gal. equals: 
6.28 (20 X Normality of KMn04 — cc. Na2S203 X Normality of Na2S203) 


III. CADMIUM SOLUTION 


A. Metallic Cadmium: 


1. Pipette a 5 cc. sample into a 400 cc. beaker. 

2. Add 50 cc. of distilled water and warm. 

3. Add, while stirring, 10 cc. of 15% sodium sulfide (Na2S) solution and 
allow to settle. 

4. Filter and wash with hot water containing a few drops of Na2S solution. 

5. Transfer the precipitate and filter paper to the beaker in which the pre- 
cipitation was made, add 25 cc. of concentrated hydrochloric acid (HCl) 
and 25 cc. of distilled water and boil until the precipitate is dissolved. 

6. Add 200 cc. of distilled water and then ammonium hydroxide (NH^OH) 
until a piece of red litmus paper just turns blue. 

7. Add concentrated HCl slowly until the litmus just turns red and then add 
3 cc. in excess. 

8. Heat almost to boiling and titrate with the standard ferrocyanide solution 
as in H-D-6 on page 167. The ferrocyanide is standardized against exactly 
0.25 g. of metallic cadmium (Cd) just as against zinc, except that 10 g. 
of ammonium chloride (NH^Cl) are added to the cadmium solution just 
before titrating. 


The METALLIC CADMIUM (Cd) in oz./gal. is equal to: 

6.68 1 

I cc. ferrocyanide required for sample 

cc. ferrocyanide solution f ^ of solution, 
required for 0.25 g. Cd J 

The figures inside the brackets represent the factor for the standard 
ferrocyanide solution. 
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B. Total ond Free Cyonide: 

1. Pipette a 5 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 100 cc. of distilled water, 5 cc, of 10% potassium iodide (KI) solu- 
tion and 15 cc. of ammonium hydroxide (NH^OH). 

3. Titrate with the standard 0.1 N silver nitrate solution prepared as in I-A-3 
on page 163, until a faint yellow turbidity is produced. 

The TOTAL SODIUM CYANIDE (NaCN) in oz./gal. is equal to: 

0.261 X AgNOg required for sample of solution. 

The sodium cyanide combined with the metallic cadmium is equal to: 
1.74 X oz./gal. metallic cadmium as determined in III-A-8 on page 169. 

The FREE SODIUM CYANIDE (NaCN) in oz./gal. is equal to: Total 
sodium cyanide minus (1.74 X oz./gal. cadmium). 

C. Carbonates: 

1. Pipette a 10 cc. sample into a 250 cc. beaker. 

2. Add 100 cc. of distilled water and warm. 

3. Add 10% barium nitrate [Ba(NOg) 2 ] solution, while stirring, until no 
more precipitate forms. Each cc. of the Ba(N 03)2 solution will precipi- 
tate an amount of carbonate equivalent to % oz./gal. sodium carbonate 
(Na 2 C 03 ). Allow to settle. 

4. Filter, adding a few drops of Ba(NOg )2 solution to the first portion of 
filtrate to determine whether precipitation is complete. Wash with hot 
water. 

5. Transfer the filter paper and precipitate to the beaker in which the precipi- 
tation was made. 

6. Add 50 cc. of distilled water and a few drops of 0.2% methyl orange 
solution. 

7. Titrate with approximately 1.0 N hydrochloric acid (HCl) until a perman- 
ent pink color is obtained. 

The HCl is prepared by diluting 83 cc. of C.P. acid to 1 liter and 
standardizing as follows: A 5 cc. sample of the H(J is pipetted into a 250 
cc. erlenmeyer flask and 50 cc. of distilled water are added. A 2% sodium 
hydroxide (NaOH) solution is added drop by drop until the solution is 
neutral to litmus. 1 cc. of 2% sodium chromate (Na^iC’rO^) solution is 
added and the solution is titrated with standard 0.1 N silver nitrate pre- 
pared as in I-A-3 on page 163, until a red precipitate just forms. 

The normality of the HCl will be equal to: 

cc. of 0.1 N AgNOg required 


50 

Thus, if 46.5 cc. of AgNOg are required, the acid will be 46.5/50 or 

0.93 N. As 1 cc. of 1.0 N HCl is equivalent to 0.0530 g. of Na. COg, 
therefore : 

The SODIUM CARBONATE (NaXOg) in oz./gal. is equal to: 

[0.706 X Normality of HCl] X cc. HCl required for sample. 

The figures inside the parentheses represent the factor for the standard 
hydrochloric acid solution. 

D. Sodium Hydroxide: 

1. Pipette a 10 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 10 cc. of distilled water, 1 gram of solid sodium cyanide and 8 drops 
of LaMotte Sulfo-Orange Indicator. 

3. Titrate with standard 1.0 N hydrochloric acid (HCl) solution prepared 
as in III-C-7 (above) until the color changes from orange to yellow. 
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The SODIUM HYDROXIDE 

[0.535 X Normality of HCl] X 


(NaOH) in oz./gal. equals: 
cc. of HCl required for sample of 
^ojution. 


The figures inside the brackets represent the^ factor 
hydrochloric acid solution. 


for the standard 


IV. CHROMIUM SOLUTION 


A. Chromic Acid: 

1. Determine the density of the solution with a Baiime hydrometer. 

2. Read the oz./gal. of chromic acid (CrOg) corresponding to this density 
from the following table. The solution should be cooled to room tempera- 
ture before testing. 


Direct Conversion of Degrees Bourne to Ox. /gal. of Chromic Acid 


Degrees Be. 

Oz./gal.-CrOs 

Degrees Be. 

Oz./gal.-Cr03 

1.50 

2.1 

19.00 

29.0 

2.00 

2.8 

19.50 

29.8 

2.50 

3.4 

20.00 

30.6 

3.00 

4.1 

20.50 

31.5 

3.50 

4.8 

21.00 

32.4 

4.00 

5.5 

21.50 

33.3 

4.50 

6.2 

22.00 

34.2 

5.00 

6.8 

22.50 

35.1 

5.50 

7.5 

23.00 

36.0 

6.00 

8.2 

23.50 

37.1 

6.50 

8.9 

24.00 

38.2 

7.00 

9.7 

24.50 

39.1 

7.50 

10.4 

25.00 

40.0 

8.00 

11.1 

25.50 

40.9 

8.50 

11.9 

26.00 

41.9 

9.00 

12.6 

26.50 

42.9 

9.50 

13.4 

27.00 

44.0 

10.00 

14.2 

27.50 

45.0 

10.50 

15.0 

28.00 

46.0 

11.00 

15.8 

28.50 

47.1 

11.50 

16.5 

29.00 

48.2 

12.00 

17.3 

29.50 

49.2 

12.50 

18.2 

30.00 

50.2 

13.00 

19.1 

30.50 

51.5 

13.50 

19.8 

31.00 

52.7 

14.00 

20.4 

31.50 

54.0 

14.50 

21.2 

32.00 

55.2 

15.00 

22.0 

32.50 

56.3 

15.50 

22.9 

33.00 

57.5 

16.00 

23.7 

33.50 

58.7 

16.50 

24.5 

34.00 

60.0 

17.00 

25.4 

34.50 

61.2 

17.50 

26.3 

35.00 

62.3 

18.00 

27.2 

35.50 

63.5 

18.50 

28.1 

36.00 

64.8 
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B. Trivalent Chromium: 

1. Pipette a 10 cc. sample into a 400 cc. beaker and add 200 cc. of distilled 
water. 

2. Add a slight excess of ammonium hydroxide (NH^OH) and boil. Allow 
to settle and filter. 

3. Wash precipitate with hot distilled water and dissolve with 25 cc. of 
10% sulfuric acid (H2SO4) solution. 

4. Add excess NH^OH and 25 cc. of 10 volume hydrogen peroxide (H2O2). 
Boil for 15 min. 

5. Filter to remove iron and add 20 cc. of 30% potassium acid sulfate 
(KHSO4) solution to the filtrate. Boil for 15 min. 

6. Add H2SO4 until neutral and then add 5 cc. excess. 

7. Add about 2 g. of solid potassium iodide (KI) and after 5 min. titrate 
with standard 0.5 N sodium thiosulfate (Na2S203 -51120) until the brown 
color begins to lighten. 

8. Add 2 cc. of 1% starch solution prepared by making a paste of 1 g. of 

starch with very little water and adding it to 100 cc. of boiling distilled 

water, and continue titrating until the blue color disappears for about 1 
min. 

The standard thiosulfate is prepared as follows: Dissolve 125 g. of 

sodium thiosulfate in water and dilute to one liter. Exactly 0.50 g. of 

C.P. potassium dichromate (K2Cr207) containing 0.177 g. of chromium 
is weighed out and dissolved in 100 cc. of distilled water. 2 g. of KI and 
5 cc. of sulfuric acid are added and after 5 min. the solution is titrated with 
thiosulfate and starch indicator as above. One cc. of 1.0 N thiosulfate is 
equivalent to 0.1733 g. of chromium. 


Therefore the normality of the thiosulfate is equal to 0.177/ (cc. of 
Na2S203 required for 0.50 g. K2Cr207) X 0.01733) equals 10.2/cc. 
Na2S203 required for 0.50 g. K2Cr207. 


The TRIVALENT CHROMIUM (Cr) in oz./gal. is equal to: 
r 2.36 


X cc. of thiosulfate required for sample of solution. 


cc. of thiosulfate soln. re- 
quired for 0.50 g. 

K2Cr207 

The figures inside the brackets represent the factor for the standard 
sodium thiosulfate solution. 


C. Sulfate: 

1. Pipette a 10 cc. sample into a 400 cc. beaker and add 100 cc. disliOed 
water. 

2. Add 10 cc. of concentrated hydrochloric acid (HCl), 15 cc. of glacial acetic 
acid (HC2H3O2) and 20 cc. of pure ethyl alcohol (C2HQOH) and boil for 
30 minutes. 

3. Add, while stirring, 15 cc. of 10% barium chloride (BaCl2-2H20) solu- 
tion, boil for 1 min. and allow to settle in a warm place for 1 hour. 

4. Filter, using a quantitative filter paper and wash. 

5. Ignite the precipitate and filter paper in a weighed crucible. Cool in a 
desiccator and weigh. 

The SULFURIC ACID (HgSO^) in oz./gal. is equal to: 5.64 X gain 
in weight of the crucible in grams. 
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V. ACID COPPER SOLUTION 


A. Copper Sulfate: 

1. Pipette a 5 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 100 cc. of distilled water and continue from II-C-4 on page 165. 

The COPPER SULFATE (CuS04-5H20) in oz./gal. is equal to: 

20.9 1 

1 cc. of thiosulfate required for sample 

cc. of thiosulfate solution f ^ of solution, 
required for 0.20 g. Cu J 

The figures inside the brackets represent the factor for the standard 
thiosulfate solution. The copper sulfate can also be determined by taking 
the Baume reading. This gives the combined copper sulfate plus sulfuric 
acid from a table. Subtraction of the ounces of acid leaves the ounces 
of copper sulfate. 


Bourne Gravity of Solutions of Copper Sulfate Pius Sulfuric Acid 



Copper Sulfate -|- 


Copper Sulfate + 

Baume 

Sulfuric Acid 

Baume 

Sulfuric Acid 

1.5 

2.8 oz./gal. 

14.5 

24.7 

oz./gal. 

2.0 

3.5 ” 

15.0 

25.7 


2.5 

4.3 ” 

15.5 

26.8 

>9 

3.0 

5.1 ” 

16.0 

27.8 

99 

3.5 

5.9 ’’ 

16.5 

28.8 

99 

4.0 

6.7 ” 

17.0 

29.8 

99 

4.5 

7.4 ” 

17.5 

30.8 

99 

5.0 

8.2 ” 

18.0 

31.8 

99 

5.5 

9.0 

18.5 

32.8 

99 

6.0 

9.8 ” 

19.0 

33.8 

99 

6.5 

10.6 ” 

19.5 

34.9 

99 

7.0 

11.5 ” 

20.0 

35.9 

99 

7.5 

12.3 ” 

20.5 

37.0 

99 

8.0 

13.1 ” 

21.0 

38.1 

99 

8.5 

13.9 ” 

21.5 

39.2 

99 

9.0 

14.8 ” 

22.0 

40.4 

99 

9.5 

15.7 ” 

22.5 

41.6 

99 

10.0 

16.6 ” 

23.0 

42.8 

99 

10.5 

17.5 ” 

23.5 

43.9 

99 

11.0 

18.3 ” 

24.0 

45.0 

99 

11.5 

19.2 ” 

24.5 

46.1 

99 

12.0 

20.0 ” 

25.0 

47.3 

99 

12.5 

21.0 ” 

25.5 

48.5 


13.0 

21.9 ” 

26.0 

49.7 

99 

13.5 

22.9 ” 

26.5 

51.0 

99 

14.0 

23.8 ” 

27.0 

52.3 

99 


This method of obtaining the concentration of copper sulfate plus sul- 
furic acid is not accurate if other ingredients such as aluminum sulfate are 
present or if the solution is contaminated with iron. 


B. Sulfuric Acid: 

1. Pipette a 10 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 150 cc. of distilled water and 5 drops of 0.2% methyl orange solution. 

3. Titrate with standard 1.0 N sodium hydroxide (NaOH) solution until the 
color of the solution changes from violet to pale green. The 1.0 N NaOH 
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Progress and important advance- 
ments in modern electroplating lie 
ahead with the broadening use of 
General Chemical Metal Fluobor- 
ate Solutions. Today — fluoborate 
baths are proving outstanding for 
many lead, tin, lead-tin alloy, cop- 
per, zinc and other applications. 
Tomorrow — Metal ITuoborates 
hold still greater promise since 
their superiority to ordinary baths 
is indicated both by the unusual 
characteristics of the fluoborate 
electrolyte and by the type of de- 
posits obtained. 

To the electroplater, the Metal 
Fluoborates, generally, offer such 
advantages as: 1. Concentrated so- 
lution form ; no mixing or dissolv- 


ing necessary. 2. Simplicity of bath 
preparation and case of control, 
3. Stability of composition, high 
conductivity, and good covering 
power. 4. Fine-grained deposits of 
good color. 5. High-speed opera- 
tion, with practically 100% anode 
and cathode efficiency. 

These advantages can mean real 
ccononi)’, efficiency, and conven- 
ience in your plant. So investigate 
the Metal Fluoborates now by 
writing for technical data and 
trial samples of the products 
that interest you. As always, 
General ChemicaPs skilled Engi- 
neering and Technical Servicemen 
are available to assist you in pre- 
paring for test or full-scale runs. 



GENERAL CHEMICAL COMPANY 

40 RECTOR STREET, NEW YORK 6, N. Y. 

SdlfH otnl Trehniral Srrrirr Offit'er^: Atlanta • lialtimorc • Tloslnn 
Hi (Conn.) • Uiiftalo • Charlotte (X. (\ ) . Chicago* CU'velainl 

Donvor • Dofioit • Houston • Kansas City . Los Angeles 
Minneapolis • .XcwYoik • I*!iilatlt*lt>hiu • Pittsliuruh • rrovidenee 
(11. 1.) • San Franrlsco . Seattle . St. Louis • Ltlca (X. Y. ) 

Wenatchee • Yakima (Wa.sli.) 

In Wisconsin: CJcneral Chemical Wisconsin Coip., Milwaukee, Wi.s. 

In Canada: The Nichols Chemical Company, Limited 
Montreal . Toronto . Vancouver 

WRITE FOR SPECIAL TECHNICAL MANUALS 
Leiri-Tin Alisy Platini • Manual LM Copper Fiuoborito • Manual CF-1 (Riady soon) 

Zinc Fluoborate • Manual ZF-1 Metal Fluoborates • Buliitin 1015-A 






Ag CN -.(86.50% Silver) 

TWO GOLD SALTS FOR FUTING SOLUTIONS 
ni niTpS * POTASSIUM GOLD CYANIDE 

yE*"''MUKV * SODIUM GOLD CYANIDE 


Those salts are put up in troy ounces of fine gold content 
(sizes Vz and 1 ounces). 

Consider the advantages of using GOLDITE salts for gold 
plating solutions. 

★ Guaranteed fine gold content in troy ounces on bottle. 




★ No cutting down of fine gold with its accompanying 
fumes and losses in washing and handling. (These losses 
sometimes amount to 10-15%, or more than the extra 
cost of the already prepared salts.) 


★ Easier to handle than liquid gold cyanide. No spilling or 
breakage losses. 



PALIADIUM PtATtNO 


sottmow 


★ Easy to calculate cost as well as additions to be made to 
the bath. 

For a good white finish use PALLITE palladium plating 
solution. 

Palladium is a sister metal of platinum, highly resistant to 
corrosion, and similar in appearance. The deposit is bril- 
liantly white and it needs no polishing after plating. It gives 
perfect protection to silver against tarnishing and corrosion. 


LAMBROS PRECIOUS METALS CORP. 

FORMERLY 

PRECIMET LABORATORIES 


64 Fulton Street 


New York 7, N. Y. 



is prepared by dissolving 40 g. of NaOH in distilled water and diluting to 
1 liter. Exactly 2.00 g. of C.P. oxalic acid (H2C2O4 2H2O) are weighed 
out and dissolved in 100 cc. of distilled water. A few drops of 2% 
phenolphthalein solution in alcohol are added and the solution is titrated 
with the NaOH until the solution changes from colorless to pink. 1 cc. of 
1.0 N NaOH is equivalent to 0.0630 g. oxalic acid. Therefore the normality 
of the NoOH is equal to: 2/ (cc. NaOH required for 2.00 g. oxalic acid 
X 0.0630) equals 31.7/ (cc. of NaOH required for 2.00 g. oxalic acid). 
1 cc. of 1.0 N NaOH is also equivalent to 0.0491 g. of H2SO4 so that 
SULPHURIC ACID (H2SO4) in oz./gal. is equal to: 

20.8 1 

^ NaOH required for [ ^ required for sample of solution 

2.00 g. oxalic acid J 

The figures inside the brackets represent the factor for the standard 
sodium hydroxide solution. 


VI. CYANIDE COPPER SOLUTION 

A. Metallic Copper: 

1, Proceed as in II-C on page 165. 

B. Free Cyanide: 

1. Proceed as in I-A on page 163. 

C. Carbonates: 

1. Proceed exactjy as in III-C on page 171. 

D. Rochelle Salt: 

1. Proceed exactly as in ITE on page 167. 


VII. CYANIDE GOLD SOLUTION 

A. Metallic Gold: 

1. Pipette a 10 cc. sample into a 250 cc. beaker. 

2. Add 15 cc. of concentrated hydrochloric acid (HCl) under a hood and 

evaporate to a syrup over a water bath. 

3. Add 150 cc. of distilled water. 

4. Add 25 cc. of 20% potassium iodide (KI) solution and 2 cc. of 1% starch 
solution prepared as in Il-C-8 on page 165. 

5. Titrate with standard 0.01 N sodium thiosulfate (Na2S202'5H20) solution 
until the color disappears. The excess of thiosulfate is then titrated with 
standard 0.01 N iodine solution until a blue color appears. 

The 0.01 N Sodium thiosulfate solution is prepared by dissolving 
2.5 g. of the salt in 1 liter of distilled water. Exactly 0.05 g. of metallic 
gold (Au) are weighed out, dissolved in aqua regia and carefully evapor- 
ated to a syrup over a water bath. 150 cc. of distilled water, 25 cc. of 
20% KI solution and 2 cc. of starch indicator are added and the solution 
is titrated with the thiosulfate until the color disappears. The excess thio- 
sulfate is titrated with the iodine solution which is prepared by dissolving 
2.5 g. of KI in 10 cc. of distilled water, adding 1.27 g. of iodine (I2) and 
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“WE INVITE YOUR PROBLEMS” 


OUR COMPLETE CHEMICAL LABORATORY AND 
PLATING PILOT PLANT IS AT THE SERVICE OF THE 
PLATING INDUSTRY OF THE WEST COAST. 

WE MAINTAIN A STAFF OF TRAINED PERSONNEL 
WHO ARE READY TO SERVE YOU AT ALL TIMES. 

A COMPLETE STOCK OF ELECTROPLATING AND 
METAL FINISHING SUPPLIES AND EQUIPMENT IS 
CARRIED IN STOCK IN ALL OUR WAREHOUSES. 

L. H. BUTCHER CO. 

3628 E. OLYMPIC BLVD. 15th Cr VERMONT ST. 

LOS ANGELES, CALIF. SAN FRANCISCO, CALIF. 

OAKLAND • PORTLAND t SEATTLE • SALT LAKE CITY 



CLEAN-RITE 

All-Purpose CLEANERS 


ANODES 

BLACK OXIDE SALTS 
BUFFS 
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POLISHING EQUIPMENT 
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STOP OFF MATERIALS 

TANKS 


Let us help you solve your problems. 
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when this is dissolved, diluting to 1 liter. Pipette 10 cc. of the iodine solu- 
tion into a 250 cc. erlenmeyer flask. Add 100 cc. of distilled water and 
2 cc. of starch indicator. Titrate with the thiosulfate until the color dis- 
appears. Each cc. of the iodine solution is equivalent to 1/10 the number 
of cc. of thiosulfate' used. 

The exact number of cc. of thiosulfate required for the titration of 

0.05 g. of gold will be equal to the total number of cc. used minus the 
excess, which is equal to the cc. of iodine solution used X the ratio between 
the iodine solution and the thiosulfate solution. 

The METALLIC GOLD (Au) in troy oz./gal. is equal to: 

0.608 1 

cc. thiosulfate required f cc. thiosulfate required for sample, 

for 0.05 g. Au J 

The figures inside the brackets represent the factor for the standard 
thiosulfate solution. 

B. Free Cyanide: 

* 1. Proceed as in I- A on page 163. 

C. Carbonates: 

1. Proceed exactly as in Ill-C on page 171. 


VIII. IRON SOLUTION 


A. Metallic Iron: 

1. Pipette a 5 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 125 cc. of distilled water and 15 cc. of sulfuric-phosphoric mixture 
which is made by diluting a mixture of 250 cc. sulfuric acid (HoSO^) and 
100 cc. of phosphoric acid (H3PO4) (sp. gr.-1.7) to 1 liter. 

3. Add a few drops of a solution of 1 g. diphenylamine rn 100 cc. of 60% 
acetic acid (HC0H3O2). 

4. Titrate with standard 0.5 N potassium dichromate (K^CroO^) until the 
color of the solution changes from green to an intense violet blue. The 
K2Cr207 is prepared by weighing out exactly 24.52 g. of the dried salt, 
dissolving in distilled water and diluting to exactly 1 liter. 

1 cc. of 0.5 N K2Cr20Y is equivalent to 0.0279 g. of metallic iron (Fe). 
The METALLIC IRON (Fe) in oz./gal. is equal to 0.744 X cc. of K2Cr207 
required for the sample. 

6. Free Hydrocbloric Acid: 

1. Pipette a 25 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 50 cc. of distilled water and 1 cc. of 0.1% bromphenol blue solution. 

3. Titrate with 1.0 N NaOH prepared as in V-B-3 on page 176, until the 
solution changes to a blue color. 

The FREE HYDROCHLORIC ACID (HCl) in oz./gal. is equal to: 

J 6.16 1 

I ; , , I X cc. of NaOH required for sample of solution, 

cc. NaOH required for I ^ 

[ 2.00 g. oxalic acid J 

The figures inside the brackets represent the factor for the standard 
sodium hydroxide solution. 
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MUTUAL CHEMICAL COMPANY 
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METALWASH 

SPOTLESS 

DRYER 

for 

Plated Work 

Eliminates the neces- 
sity of handwiping or 
buffing to remove 
watermarks. 


METALWASH MACHINERY CO. 
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IRVINGTON 11, N. J. 



iX. LEAD SOLUTION 


A. Metallic Leod; 

1. Pipette a 2 cc. sample into a 250 cc. beaker. 

2. Add 100 cc. of distilled water and heat almost to boiling. 

3. Add 10 cc. of 20% sulfuric acid (H2SO4) solution, slowly while stirring. 
Let stand until cool. 

4. Filter, using a weighed Gooch crucible with an asbestos mat. Wash. 

5. Dry and ignite the crucible. Cool in a dessicator and weigh. 

The METALLIC LEAD (Pb) in oz./gal. is equal to: 

45.5 X gain in weight of the crucible in grams. 


X. WHITE NICKEL SOLUTION 


A. Metallic Nickel: 

1. Pipette a 5 cc. sample into a 250 cc. erlenmeyer flask, 

2. Add 75 cc. of a solution made up by dissolving 50 g. of sodium pyrophos- 
phate (Na^PoO^TOHoO) , 50 g. of ammonium chloride (NH4CI) and 2 
g. of potassium iodide (Kl) in water and diluting to 1 liter. 

3. Add concentrated ammonium hydroxide (NH4OH) drop by drop until 
the solution shows a bluish color and smells faintly of ammonia. About 
3 drops are necessary for a high pH solution. 

4. Titrate with standard 0,5 N sodium cyanide (NaCN) solution until the 
precipitate which first appears just redissolves. 

The standard NaCN is prepared by dissolving 25 g. of NaCN and 1.7 
g. of silver nitrate (AgNOg) in 1 liter of distilled water. Exactly 0.20 g. 
of pure metallic nickel are weighed out and dissolved in a 250 cc. erlen- 
meyer flask with a mixture of 5 cc. of concentrated sulfuric acid, 5 cc. of 
concentrated nitric acid, and 5 cc. of distilled water. The solution is 
evaporated until dense white fumes of sulfur trioxide (SO3) are evolved. 
Cool, add a slight excess of NH4OH and boil. When the solution smells 
faintly of ammonia, cool to room temperature, add 75 cc. of the chloride- 
pyrophosphate mixture and titrate with the standard NaCN until the pre- 
cipitate formed redissolves. 

The METALLIC NICKEL (Ni) in oz./gal. is equal to: 
r 5.34 1 

1 cc. of NaCN sohnion re- f ^ required for sample of solution. 

[ quired for 0.20 g. Ni J 

The figures inside the brackets represent the factor for the standard 
sodium cyanide solution. 

B. Chlorides: 

1. Pipette a 5 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 50 cc. of distilled water and 1 cc. of 2% sodium chromate (Na2Cr04) 
solution. 

3. Titrate with standard 0.1 N silver nitrate (AgN03) solution prepared as 
I-A-3 on page 163, until a red precipitate forms. 

1 cc. of 0.1 N AgNOg is equivalent to: 

0.00535 g. ammonium chloride (NH4CI) 

0.00585 g. sodium chloride (NaCl) 

0.0119 g. nickel chloride (NiCl2-6H20) 
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RACK INSULATION 


Plating Racks 
Anodizing Racks 
and Fixtures 

Specialists in insulation for racks for all electro 
deposited metals such as Zinc, Cadmium, Tin, 
Copper, Silver, Nickel and Chromium; for 
aluminum anodizing racks and fixtures for use 
in chromic or sulfuric process. Easy to apply 
— fast air drying — long life and low cost. 

O I ftp ft pc to meet every condition in 
w I the plating shop. No. 608 

will hold the edge in strong alkali solution. 

^ Write for information and sample 

NELSON J. QUINN COMPANY 



TOLEDO 7, 
OHIO 
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COMPLETE PLATING PLANTS 
AVAILABLE FOR DELIVERY 

• 

BELCO FILTERS GIVE PURE 
PLATING WATER AT LOW COST 


Bogue engineers are available to help 
you plan or improve your equipment. Call 
on us at any time, you can be sure of in- 
telligent cooperation 


BOGUE ELECTRIC CO. 

4ft IOWA AVB<UI ; ;; ' _ ^ATlIllSON 8. N. J. " ’ 



The chloride expressed os ammonium chloride 

in oz./gal. is equal to: 

0.143 X cc. of A gNOg. required for sample. 

The chloride expressed os sodium chloride 

in oz./gal. is equal to: 

0.156 X cc. of AgNOg required for sample. 

The chloride expressed os nickel chloride 

in oz./gal. is equal to: 

0.317 X cc. of AgNO.^ required for sample. 

Nofe: If the pH of the solution is below about 4.5, add 50 cc. of distilled 
water and 8 drops of hromcresol purple indicator, then add drop wise 2% 
ammonia solution until the color changes from a yellow green to a bluish 
green. 

C. Boric Acid: 

1. Pipette a 5 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 25 cc. of C.P. glycerine (OH) and Vj cc. of hromcresol purple 

indicator. 

3. Titrate with standard 0.1 IN solution hydroxide (NaOH) solution until the 
color changes to dark green and then to purple. 

The standard 0.1 N NaOH is prepared as follows: 

4 grams of NaOH are dissolved in distilled water and diluted to 1 
liter. Exactly 0.20 g. oi C.P. oxalic acid (H^CoOi ^Hi.O) is weighed 
out and dissolved in 100 cc. of distilled water. A few' drops of hromcresol 
purple are added and the solution is titrated with the NaOH solution until 
the solution turns blue. 

One cc. of 1.0 N NaOH is ecpiivalcnt to 0.0619 g. of boric acid 
so that the BORIC ACID (Ht^BO^) in oz./gal. is equal to: 

5.25 1 

cc. of NaOH required for I >-equired for sample. 

0.20 g. oxalic acid J 

The figures inside the brackets represent the factor for tlie standard 
sodium hydroxide solution. 


Xi. BLACK NICKEL SOLUTION 

A. Metallic Nickel: 

1. Proceed exactly as in X-A on page 183. 

B. Metallic Zinc: 

1. Pipette a 10 cc. sample into a 250 cc. beaker. 

2. Add 3% sodium cyanide (NaCN) solution until the precipitate which first 
forms dissolves completely and heat. 

3. Continue from II-D-3 on page 167. 

C. Sodium Thiocyanate: 

1. Pipette a 10 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 100 cc. of distilled water. 
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3. Add sulfuric acid (H0SO4) drop by drop until the solution turns blue 
litmus red. 

4. Add 15 cc. of a 2% ferric ammonium sulfate [Fe2(S0)4)3 (NH4)2S04- 
24H2O] solution and titrate with standard 0.1 N silver nitrate (AgNOg) 
prepared as in I-A-3 on page 163, until the red color disappears. 1 cc. of 0.1 
N AgNOg is equivalent to 0.00811 g! of sodium thiocyanate (NaCNS). 

The SODIUM THIOCYANATE (NaCNS) in oz./gal is equal to: 0.108 
X cc. of AgNOg required for sample of solution. 


XII. SILVER SOLUTION 

A. Metallic Silver 

1. Pipette a 10 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 20 cc. of concentrated sulfuric acid (H2SO4) and 5 cc. of nitric acid 
(HNOg) while shaking iinder*a hood. (T^his operation must be carried 
out under a hood, because poisonous cyanide fumes are evolved.) 

3. Boil until all the white precipitate has dissolved. 

4. Cool to room temperature. 

5- Add 100 cc. of distilled water and allow to cool to room temperature. 

6. Add 1 cc. of 2% ferric ammonium sulfate [Fe2(S04)3- (NH4) 2S04*24H20] 
solution and titrate with standard 0.1 N so^dium thiocyanate (NaCNS) 
solution until a faint pink color appears. 

The standard NaCNS is prepared by dissolving 10 g. of the salt and 

0.5 cc. of 48% formaldehyde in 1 liter of distilled water. Pipette 10 cc. 
of .standard 0.1 N AgNOg solution, prepared as in I-A-3 on page 163 into a 
250 cc. erlenmeyer flask. Add 100 cc. of distilled water and 1 cc. of 2% 
ferric ammonium sulfate solution and titrate with the NaCNS until a 

faint pink color appears. 

10 cc. of AgNOg solution contain 0.1079 g. of metallic silver (Ag). 

The METALLIC SILVER (Ag) in troy oz./gal. in the plating solution is 
equal to: 

r 1.31 

] cc. NaCNS required "te f NaCNS required for sample of solution. 

[ 10 cc. AgNOg 

The figures inside the bra«kets represent the factor for the standard 
thiocyanate solution. 

B. Free Cyanide: ^ 

1. Pipette a 10 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 100 cc. of distilled water and 1 cc. of 10% potassium iodide (Kl) 
solution. 

3 . Titrate with standard 0.1 N AgNOg solution, prepared as in I-A-3 on page 
163 until a faint yellowish turbidity is produced. 

The FREE SODIUM CYANIDE (NaCN) in oz./gal. is equal to: 0.131 
X c^. of AgNOg required for sample of solution. 

C. Carbonates: 

1. Proceed exactly as in III-C on page 171. 
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STURGIS PRODUCTS CO. 

203 Jacob Street 
STURGIS, MICHIGAN 











ENEQUIST 
CHEMICALS 
if 



TRIED AND VERIFIED 

ENEQUIST BLUERIBBON LIST 

(OVER A DECADE) 

Developed, co-incidentally with the BRIGHT AGE 

— Bright nickel, Bright copper, Bright zinc, etc. 

Carefully designed to add and not diminish lustre. 

Ultrex Platers Cleaners 

ULTREX CLEANER No. 3 — Electro or still for non-ferrous metals, 
brass, copper, etc. 

UitTREX CLEANER No. IIB — Electro or still. For ferrous metals. 
Iron, steel, etc. > 

ULTREX ELECTRO-CLEANER No. 90-— For iron or steel. 

ULTREX DIE CAST CLEANER No. 65— For electro or still— non- 
corrosive. 

ULTREX ALUMINUM CLEANER No. 1— For all types of Aluminum 
metals. 

ULTREX SOLVENT CLEANER No. 98— May be diluted up to seven 
times with light kerosene, for rinsing in strong water spray. 

PRICES AND FURTHER INFORMATION ON REQUEST 

ENEQUIST CHEMICAL CO., INC. 

257 FREEMAN ST. BROOKLYN, N. Y. 




XIII. TIN SOLUTION 


A. S^ium Stannate: 

1. Pipette a 5 cc. sample into a 500 cc. erlenmeyer flask. 

2. Add 70 cc. of concentrated hydrochloric acid (HCl), 200 cc. of distilled 
water and about Vs teaspoonful of C.P. iron powder. 

3. Boil until all the iron has gone into solution. 

4. Close the flask with a stopper and cool to room temperature under cold 
running water. 

5. Add 2 cc. of starch indicator, prepared as in II-C-8 on page 165 and titrate 
with standard 0.25 N iodine solution until a permanent color appears. 

The standard iodine solution is prepored os follows: 

60 g. of potassium iodide (KI) are dissolved in 200 cc. of distilled water. 
32 g. of pure iodine do) are added and the whole diluted to 1 liter after 
the iodine has dissolved. Exactly 0.25 g. of C.P. tin (Sn) is weighed out 
and dissolved in 70 cc. of concentrated HCl by boiling in a 500 cc. erlen- 
meyer flask. As soon as the tin is dissolved, 200 cc. of distilled water and 
about Vs teaspoonful of iron powder are added. The solution is then treated 
as above, proceeding from XIl-A-3. 

The METALLIC TIN (Sn) in oz./gal. equals: 

6.68 1 

I cc. of iodine required for sample of 

cc. iodine required for [ ^ solution. 

0.25 g. of tin J 

The figures inside the brackets represent the factor for the standard 
iodine solution. 

B. Free Sodium Hydroxide: 

1. Pipette a 10 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 10 cc. of distilled water and 8 drops of LaMotte Sulfo-Orange Indi- 
cator. 

3. Titrate with standard 1.0 N hydrochloric acid (HCl) solution prepared as 
in 1II-(V7 on page 171 iinlil the color changes from orange to yellow. 

The FREE SODIUM HYDROXIDE (NaOH) in oz./gal. equals: 

[0.535 X Normality of HCl] X cc. of HCl required for sample of solution. 

The figures inside the brackets represent the factor for the standard 
hydrochloric acid solution. 


XIV. ACID ZINC SOLUTION 

A. Metallic Zinc: 

1. Pipette a 2 cc. sample into a 250 cc. beaker. 

2. Add 12 cc. of concentrated hydrochloric acid (HCl) and boil for 1 minute. 

3. Add 115 cc. of distilled water and 25 cc. of 20% ammonium chloride 
(NH^Cl) solution. Heat almost to boiling. 

4. Titrate with the standard ferrocyanide solution as in ll-D-6 on page 167. 
The METALLIC ZINC (Zn) in oz./gal. is equal to: 

16.7 ] 

— — I cc. of ferrocyanide solution required for 

cc. of ferrocyanide soln. j ^ sample of solution, 

required for 0.25 g. zinc J 

The figures inside the brackets represent the factor for the standard 
ferrocyanide solution. 
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YOU can depend upon REEDBURNS 

for 

prompt shipments — fair prices — uniform quality 

on 

BUFFING - POLISHING COMPOUNDS 


BUFFS and WHEELS 


Compounds: Abrasive Pastes — Greasticks — Rouges — 
Greaseless — Chrome & Stainless Steel Cut or Color — 
Crocus — Lime Finishes — Tripoli and Coloring Compounds 

These types in regular production. 

Let us quote on your requirements and submit samples. 

E. REED BURNS MFG. CORP. 

BROOKLYN 11, N. Y. 

Plants: 40 Withers St., Brooklyn, N. Y. Middlesex, N. J. 


CUT YOUR METAL CLEANING 
& PLATING COSTS WITH 

COOPER’S NEW 
MECHANICAL AGITATION 
TANK 

ENTIRELY AUTOMATIC 
ADJUSTABLE FOR CONTINUOUS 
AGITATION OR ONE DIP 


Available for hot or cold operations. 
Any Size Made to Order — Fast Delivery 


I OTHER COOPER EQUIPMENT Cr PRODUCTS: 

Electric, Gas Fired and Steam Heated Metal Cleaning Tanks, Cold Dip Tanks, 
Plating Tanks, Vapor Degreasers, Wire and Metal Baskets, Special Plater s Cleaning 
Compounds, Rust Removers and Pickling Acids. 

For perfection in metal cleaning, try 

D. C. ELECTRO CLEANER (for direct or reverse cleaning) 

For a deep blue-black finish, try 

D. C. OXIDIZING COMPpUND 

Consult our experienced engineers on any cleaning or plating problems 
without obligation. 

D. C. COOPER CO. 

1467 So. Michigan Ave. HARrison 8047 Chicago 5, 111. 



B. Acidity: 

This is generally controlled by pH measurements. A standard block com- 
parator with bromphenol blue indicator is satisfactory, although pH papers 
in the range of 3.5 to 4.5 may be used. 


XV. CYANIDE ZINC SOLUTION 


A. Metallic Zinc: 

1. Pipette a 5 cc. sample into a 250 cc. beaker. 

2. Add 12 cc. of concentrated hydrochloric acid (HCl) while shoking under 
a hood. (This operation must be carried out under a hood because poison- 
ous cyanide fumes are evolved). Add 20 cc. of 25% of ammonium chloride 
(NH^Cl) and 120 cc. of distilled water, then heat almost to boiling. 

3. Titrate with the standard ferrocyanide solution as in II-D-6 on page 167. 

The METALLIC ZINC (Zn) in oz./gal. is equal to: 

6.68 1 

1 cc. of ferrocyanide solution required for 

cc. ferrocyanide soln. re- | sample of solution, 

quired for 0.25 g. zinc J 

The figures inside the brackets represent the factor for the standard 
ferrocyanide solution. 

B. Total Cyanide: 

1. Pipette a 5 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 100 cc. of distilled water, 5 cc. of 20%; sodium hydroxide (NaOH) 
solution and 5 cc. of 10% potassium iodide (Kl) solution. 

3. Titrate with the standard silver nitrate solution prepared as in l-A-3 on 
page 163 until a faint yellow turbidity is produced. 

The TOTAL SODIUM CYANIDE (NaCN) in oz./gal. is equal to: 

0.261 X cc. AgN 03 required for sample of solution. 

C. Sodium Hydroxide: 

1. Pipette a 10 cc. sample into a 250 cc. erlenmeyer flask. 

2. Add 10 cc. of 10% sodium cyanide (NaCN) solution and 8 drops ol 
LaMotte Sulfo-Orange Indicator. 

3. Titrate with standard 1.0 N hydrochloric acid (HCl) solution prepared as 
in III-C-7 on page 171 until the color changes from orange to yellow. 

The SODIUM HYDROXIDE (NaOH) in oz./gal. equals: 

[0.535 X Normality of HCl] X cc. of HCl required for sample ol solution. 

The figures inside the brackets represent the factor for the standard 
hydrochloric acid solution. 

D. Carbonates: 

1. Proceed exactly as in III-C on page 171. 
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SUPPUES-TOOIS and EQUIPMENT 


ELECTROPLATING i ANODIZING : RUSTPROOFING 
METAL GLEANING : METAL FINISHING and 
SANDBLASTING 

ESTABLISHED 1915 

Office and Warehouse: 2720 Wight Street 
Telephones: Fitzroy 3171-72-73-74 
Neighborly Service for oyer 31 years. 

DETROIT 7, MICHIGAN 


^ Greaseless Composition 
^ Emery Cake 

^ Stainless Steel Buffing Compound 
• Emery Paste 

^ Plastic Buffing Compound 
• Tripoli 

^ Aluminum Buffing Compound 
^ Burring Compound 

^ Nickel Buffing Composition 


Samples on Request 


MANUFACTURED BY 


THE BUCKIRGHRm PRODUQS CO. 


8900 HUBBELL AVE. 


DETROIT 


MICHIGAN 


STRIPPING METALLIC COATINGS 


SOLUTIONS FOR STRIPPING METALLIC COATINGS 

By G. B. Hogoboom, Jr. and Nathaniel Hall 
CADMIUM 

Cadmium from steel, brass or copper: 

1. Hydrochloric acid 1 gal. Simple immersion. 

Antimony trioxide 2 oz. Room temperature. 

Water . . V 2 pint 

A smut of antimony is produced on the work. 

2. Ammonium nitrate 1 lb. Immersion at room temp. 

Water to make 1 gal. 

COPPER 

Copper from non-ferrous metals: 

The following formula has been suggested by Bell Laboratories: 

Sodium sulphide 28 oz. 

Sulphur 2 ” 

Water to make 1 gal. 

Boil to dissolve sulfur. Use at room temperature. Immerse work for 5 
minutes. Brush off loose sulfide. Repeat several times. Rinse and dip in 10% 
sodium cyanide solution. Brush. If any deposit remains, repeat whole procedure. 
Copper from zinc: 

1. Sodium sulfide 1 lb. Make work anode, 2 volts. 

Water to make 1 gal. 

2. Stoddard Method: 

Chromic acid - - - — - 200-259 g./l. 

Ratio chromic acid to sulfate (sulfuric acid) 100:1 

Temperature - 20-25°C. 

Current density 7-14 amp./dm.2 (6 to 12 volts) 

Alternating current - - 50 to 60 cycles 

Note: Any sulfide such as polysulfide, oxidizing liquid, liquid sulfur, liver 
of sulfur, etc., may be used for removal of copper by forming copper sulfide. 

CHROMIUM 

Chromium from steel or nickel: 

Sodium hydroxide 6 oz. Reverse current at 6 volts. 

Water to make 1 gal. Room temperature. 

Chromium from brass, copper, or nickel: 

1. Hydrochloric acid .. - 1 pint Temp. - 125‘’F. 

Water to make - 1 gal. 

2. Hydrochloric acid, cone. Room temperature. 

3. Sulfuric acid strip, (as for nickel from steel), but nickel will also be removed. 

CYANIDE SOLUBLE METALS 

Brass, bronze, cadmium, copper, zinc, gold and silver deposits from steel: 

Sodium cyanide 12 oz. Room temperature. 

Sodium hydroxide 2 ” Voltage : 6 volts (work anode) 

Water to make 1 gal. Steel cathodes. 
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GOLD 

There is no good method for removing gold ■without causing some attack on 
the underlying metal. The following solution can be used for removing light 
deposits on copper and its alloys and heavy deposits from high nickel alloys and 
ferrous metals. 

1. Sodium cyanide - 2 oz. Water — 1 P*- 

To one pint of this solution, add Mj fluid ounce of 100 vol. hydrogen peroxide. 
Then immerse the article to be stripped. The container should be placed in a 
sink as there may be a sudden evolution of heat with violent gassing. This "will 
increase the stripping action. After gassing ceases, add more peroxide cautiously. 
If solution turns blue (from copper) or is not clear, more cyanide is needed. 

Only a few pieces at a lime should be stripped otherwise the rapid action 
on a large amount of work in a large volume of solution will cause boiling over. 

Gold from copper, copper alloys, and zinc: 

2. U. S. Pat. 2,185,858. S. K. Mason to Western Eleelric Co. 

Make work anode in cone, sulfuric acid. Temp, must be below 100°F. May 
add small amount chromic acid or. single nickel salts to help the action. 


NICKEL 

Nickel from steel: 

1. Sulfuric acid - - 5 pts. Room temperature. 

Glycerine 1 oz. Reverse current, 6 volts. 

Water - 3 pts. Lead catliode. 

The rate of stripping will he increased by adding more water, but this will 
increase the tendency to pit. Copper sulphate (crystals), 4 oz./gal. may be added 
instead of glycerine to reduce pilling of steel. 

2. Fuming nitric acid. Simple immersion at room temperature. 

Put work in dry. Keep covered when not in use to keep out water, 
or: Concentrated nitric acid 1 gal. Hydrochloric acid - 0.1 fluid oz. 

(U. S. Pat. 2,200,486. E. F. Burdick to Western Electric Co.) 

3. Sodium nitrate - 4-5 Ib./gal. Current density 100 amp./ft.^ minimum. 

Reverse current at 200° F. and 6 volts. 
Use steel cathodes and keep pH between 6 and 8. 

Work should be agitated in any stripping operation to prevent pitting. 

Nickel from bross or copper: 

1. Sulfuric acid strip, as for nickel from steel. 

2. Hydrochloric acid 6 oz. Room temperature. 

Water - 1 gab Reverse current. 

Gas carbon cathodes. 

3. Light deposits of nickel may be removed in a sulfuric-nitric bright dip. 

SILVER 


Silver, from brass, or nickel silver: 

Sulfuric acid 19 parts by vol. Simple immersion at 180°F. Keep 

Nitric acid 1 part by vol. water out. 

Silver, from white metol: 

Sodium cyanide 4 oz. Reverse current, 4 volts. 

Water to make 1 gal. 
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Engineers at General Elec- 
tric looked over the field and 
chose Luster-on* for the pro- 
tective bright dip for zinc 
plated parts on their new 1946 
radios. Read their state- 
ment it tells the whole 
story of Luster-on superiority. 
Then send the coupon and 
a sample part for proof that 
you can see with your own 
eyes. 


Here‘s 


WKat G-E Says 


leres ^ p.r.. o. » 

Shed »..»• •Ttidrtrp.'.. “ 

(,o» mrodon •»! wvitt froo c.a> r.d.o!- 

greater expectancy of con PouJ L. Chaiiibeflaift 

Manager of Solei 

receiver division 


^Patent applied i 


THE 



10 

THE CHEMICAL CORPORATION 
54 Waltham Ave., Springfield 9, Mass. 

Please send me full particulars about Lustcr- 
on bright dip for zinc surfaces, I («m 
not) sending sample part for free dip. No 
obligation, of course, 


CORPORATION 


Name. 


Ailtiteti 


54 Wpilhom Ave, Springfield 9, Moss. 





....STRIPODE 


SPEEDS UP REMOVAL 
OF NICKEL DEPOSITS 

Simply add STRIPODE to 
your regular Sulphuric Acid 
strip bath and watch it speed up ! 
Removal of nickel is more com- 
plete in less time, with less acid. 
You get a better job and save 
besides. 



CORPORATION 

54 Waltham Ave., Sptingricld 9, Mass. 


PROTECTS THE BASE METAL 
- - SAVES BUFFING 

The protection which STRI- 
PODE gives to the base metal 
helps prevent pitting and rough- 
ening. Users report marked 
savings by elimination of 
polishing and severe buffing 
operations. 

SEND FOR FREE SAMPLE 


THE CHEMICAL CORPORATION 
54 Waltham Avenue, Springfield 9, Mass. 

Please send me full information and free 
sample of STRIPODE for better 
nickel stripping. 


TIN 


Tin from steel, copper, or bross: 

Use hydrochloric acid, and antimony oxide, as under cadmium strip from 
steel. 

Tin from bross, bronxe and copper: 

1. Ferric chloride : 10-14 oz./gal. 

Copper sulfate 18-21 ” 

56% Acetic acid - 40-60 £1. oz./gal. 

The solution is reactivated by additions of hydrogen peroxide to oxidize the re- 
duced iron. 

2. Sodium hydroxide - 16 oz./gal. 

Room temp. Reverse current at 6 volts. 


HEATING OF SOLUTIONS IN THE 
PLATING ROOM 


By G. B. Hogoboom, Jr. and Nathoniel Hall 

CALCULATIONS 

To find the amount of electricity, gas, or steam needed first find the B.t.u. 
requirement of each lank. (B.t.u. ==: British thermal unit rr Amount of heat 
which will raise the temperature of 1 lb. of water 1®F.) 

For practical purposes figure all solutions as plain water. A gallon of water 
weighs 8.33 lbs. Multiplying pounds of water in the tank by desired temperature 
rise gives B.t.u. requirement. Example: 

Cleaner tank 36" x 24" x 30". 

36 X 24 X 30 

Capacity = =112 gals. 

231 

W eight of solution = 112 X 8.33 = 934 lbs. 

Temperature rise desired ~ From say 60® F. to 210° F. = 150° F. 

B.t.u. requirement = 934 X 130 = 140,000 B.t.u., plus 10% to allow for 
heat lost from surface of solution (which is major loss), and sides of 
tank during heating up period = 154,000 B.t.u. 

B.t.u. delivered by different methods are: 

Steam boiler: 1 Boiler horsepower = 33,000 B.t.u. per hour. 

City gas, also called carburetted water gas: Generally about 530 B.t.u. per 
cubic foot. 

Electricity: 1 Kilowatt hour = 3412 B.t.u. 

In example given above, 154,000 B.t.u. are needed, and if it is desired to heat 
up in 1 hour the heat source must deliver 154,000 B.t.u. per hour, which would be 
as follows, for the different methods: 

154,000 

Steam boiler: = 4.7 Boiler Horsepower. 

33,000 
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SPECIALIZED 


ACIDPROOF ASPHALT FLOORS 

For Lasting Service in Your Plant 

m 

Write for Catalogue 

FULTON ASPHALT COMPANY 

165 W. WACKER DR. CHICAGO 1, ILL 

1870 — 76TH ANNIVERSARY — 1946 


New Improved 

LUSTREBRIGHT 

Bright Nickel 
Process 

Produces Brilliant, Lustrous Nickel Deposits. 

Eliminates Color Buffing — Re-Cleoning — Re-Racking. 

An. Ideal Base for Chromium. Excellent Throwing Power. 

No Special Solutions or Changes in Equipment Required. 

Easy to Control — Low in Cost — Successful — Practical. 

Uiuform results obtained on all classes of work teed not to harm plating solution. Will not cause 

in still tanks or mechanical barrels. Excellent plate to peel, become brittle or produce streakj 

lor yitir. die-castings. Any cold nickel solution deposits. Illustration shows unbuffed deposit! 

of standard formula will with the addition of produced before and after addition of NEW 

NEW IMPROVED LUSTREBRIGHT give IMPROVED LUSTREBRIGHT. Write for 



brilliant, lustrous, adherent deposits. Guaran- complete information. 


W. C. BRATE COMPANY 


14 MARKET ST. fsf. I860 ALBANY, NEW YORK 



154,000 


Gas: — 290 cubic feet per hour. To accomplish this "will require 

530 

3 - pipe size immersion burners. See table below. 

154,000 

Electricity: — 45 kilowatts. 

3412 

The size and cost of a heating plant to heat up all solutions in a plating room 
at the same time in 1 hour may prove considerable. Progressive heating of the 
tanks can sometimes be worked out. Tlie size can be cut in half by allowing a 2 
hour healing up period, and in quarter for a 4 hour period. Extending the time 
beyond 4 hours sliould be considered with caution as the capacity of the heating 
unit may then be insufficient to keep up with losses from tank surfaces plus the 
heat taken up by work passing through the lank. 


THE APPLICATION OF DIFFERENT HEATING METHODS 

STEAM: FEET OF STEEL PIPE NECESSARY FOR TANK COIL TO HEAT 


1 GAL. 

OF WATER 

FROM 60 

TO 210® 

F. IN 

1 HOUR^ 




Sfeam 

pressure. 

Gauge reading, lbs. 


Pipe Size 

5 

10 

25 

50 

100 

150 

I/O " 

- .56 

.41 

.30 

.23 

.17 

.14 

••V' 

42 

.31 

.23 

.17 

.13 

.10 

r 

35 

.25 

.18 

.13 

.10 

.08 

rvr 

25 

.19 

.14 

.10 

.075 

.061 

v/2" 

22 

.16 

.12 

.087 

.064 

.052 

r 

.17 

.13 

.09 

.068 

.050 

.041 


14 

.11 

.076 

.057 

.042 

.034 


Foi- lead [)ipe, add lialf again as rnucli footage. 


GAS: REPRESENTATIVE CAPACITIES OF BURNERS:^ 


Drilled pipe burners Immersion burners 




Cu. ft. gas 

Pipe size 

Cu. ft. of 

Pipe size 

Flame length 

per hour 

of Coil 

gas per hour 

V> " 

12" 

16 

iVr" 

18 

•y?' 

12" 

21 

IV 2 " 

30 


24" 

35 

2" 

50 

1" 

12" 

30 

21 / 2 " 

100 

V 

24" 

41 

3" 

125 

1 " 

48" 

73 

4" 

200 


36" 

105 



T 

48" 

190 





ELECTRICITY: 




The kilowatt capacity needed for a tank is best applied not by one but by two 
or more units which add up to the desired total. This allows turning off all unit? 
when temperature has been reached except one or two needed to maintain tempera- 
ture. Controllers placed on the one or two temperature holding units need not be 
as large as would be required if a controller were installed for the total capacity. 

1. R. W. Mitchell, Metal CteaninK Handbook. 

2. Charles A. Hones, Inc., Baldwin, N. Y. 
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BURNISHING 

BALLS — BARRELS — MATERIALS 

NON-FERROUS BALLS 
CARBON - ALLOY STEEL 

BEARING BALLS 

THE ABBOTT BALL COMPANY, HARTFORD 10, CONN. 


A Precision Polishing Tool 

The ‘p iviii6 Compress ^Afheel 



IN LEATHER OR CANVAS 

Easy to Balance 
Remains True 
Reduces Wheel Set-ups 
Made in 9 Densities 
Diameters of 8 ^ to 24 ^ 
Formed Face Available 
Can Be Refilled 

Get Full Details By Writing 
Today for Bulletin CPW-46G 



i vine Brothers (o mpafiji 

UTICA 1, NEW YORK 



PLATING TANK WIRING 


PLATING TANK WIRING 

By G. B. Hogaboom, Jr. ond Nathaniel Hall 

Newark, N. J. 

Fig. 1 represents a typical wiring diagram for a plating tank, including 
rheostat, meters and switches. 



•» p 


Figure 2. Three-wire system enabling the use of both 6 and 12 volts. 
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Figure 3 Heft). Diagram illus- 
trating how « and 12 volts may 
be obtained using a double pole, 
double throw switch. 


The switch SW is known as the master switch and is used for breaking the 
tank circuit without affecting the position of the rheostat switches. Without this 
switch, it is necessary to open all the rheostat switches when unloading the tank. 
Although not shown in the illustration, this switch is sometimes mounted as a 
double throw switch, the third terminal being connected to the opposite end of the 
rheostat so that the current, instead of passing through the resistance coils, is 
passed directly to the tank, thus short circuiting the resistance coils. This arrange- 
ment is used where the full line voltage is desired for striking. 

The small single pole double throw switch VS is used so that one voltmeter 
can be employed for both bus bar voltage with the switch up and tank voltage with 
the switch down. When there is no work in the tank, the two readings should be 
identical since the minute amount of current passing through the resistance coils 
to activate the meter does not result in enough of a voltage drop to register on the 
instrument. 

The ammeter A is supplied with a pair of calibrated leads and these should 
be used with the accompanying shunt. The shunt acts as a bypass so that all the 
current will not be required to pass through the ammeter which obviously would 
not be practical in the case of large amounts of current, requiring large conductors 
in the coil windings. 

It will be noted that the rheostat is connected in the negative line. This is the 
usual practice since there is then no doubt that the current indicated on the 
ammeter is the current flowing through the work. There is an advantage in con- 
necting it in the positive line, however, in that the tank is completely disconnected 
when no work is in the tank and the switches are open. With the rheostat in the 
negative line, the positive bus bar goes directly to the anode rod and current is 
conducted into the anodes. If there is a ground on the tank, the current may pass 
from the anode to the tank wall and into the ground, with the result that the sides 
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of the tank may plate up with metal. This, of course, is of importance only when 
the tank is of metal and unlined. The advantages of both hookups may be ob- 
tained by placing the rheostat in the positive line and the ammeter shunt in the 
negative line. 

Rheostats are ordered according to voltage drop and ampere capacity. The 
voltage drop is the difference between the line voltage and the plating voltage. For 
instance, if the line voltage is 6 volts, it is necessary to order a 4 volt drop rheostat 
for nickel plating at 2 volts. 

When a double commutator generator is available, it is possible to use both 6 
and 12 volts by means of either a three wire system as shown in Fig. 2, or by the 
use of a double pole double throw switch as in Fig. 3. In Figure 2, it will be noted 
that the positive of one commutator is coupled with the negative of the other com- 
mutator and a bus bar is drawn from this connection, called the neutral bus. The 
voltages available are 6 volts between the neutral bus and either the positive or 
negative bus bar, and 12 volts between the positive and negative. It is ibiis pos- 
sible to operate a barrel at 12 volts and still tanks at 6 volts, at the same time, 
from the same generator. 

It will be noted that each of the still tanks in Fig. 2 are fed from different 
commutators. This is the important disadvantage of the three wire system since 
very, often one tank draws more current than the other and the unbalancing of the 
commutators results in severe sparking. With this system, since the two commuta- 
tors are connected permanently in series, it is not possible to draw the full amper- 
age of the generator into one still tank at 6 volts; in fact it is not possible to draw 
more than % of the amperage without overloading the commutator. 

The three wire system is rarely used in up-to-date plants because of these dis- 
advantages, it being the usual practice to provide separate generators for the still 
tank plating and for the barrels. 

If the plating barrels and the still tanks are not used at the same time, which 
is the common situation in small plants, the arrangement in Fig. 3 is most satis- 
factory since by throwing the switch “S” up, the full capacity of the generator is 
available in any tank at 6 volts and by throwing the switch down, the commutators 
may be placed in series to deliver 12 volts for barrel operation. The capacity of 
the switch need be only half the amperage capacity of the generator at 6 volts. 
Thus, if the generator is a 1,000 ampere/6 volt machine, the capacity of the switch 
need be only 500 amperes. 



Metallizing Non-Conductors 

By SAMUEL WEIN 
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The present work deals with every 
known method for “metallizing” or the 
deposition of metals by electrolysis (plat- 
ing) on non-conductors. It is divided into 
several sections, i. e., those processes 
which use chemical, mechanical and phy- 
sical methods for treatment of surfaces 
for metallizing. In these groups the speci- 
fic methods are chronologically reviewed 
and so the reader can very readily get a 
better idea of the progress made by the 
various workers in these arts. At the end 
is an alphabetical listing of contributors 
to the art, so that the serious workers can 
refer to the original sources of the in- 
formation given in the text by Mr. Wein. 

The text is prepared in a practical 
fashion so that the formulas given will be 
of material use and is the result of litera- 
ture collected by the author for more than 
25 years and which has been in use by a 
number of industrial concerns here in the 
United States and abroad. 

PRICE $2.00 


Dictionary of Metal Finishing Chemcals 

By NATHANIEL HALL and G. B. HOGABOOM, JR. 





1946 EDITION 

This volume fills the need in the metal finish- 
ing field for a handy source of information con- 
cerning the chemicals employed. The technical 
and common names are listed in alphabetical 
order together with information as to physical 
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identifying the contents of unlabelled packages 
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the use of an hydrometer and these tables. The 
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reference volume which belongs on the shelf of 
every metal finisher. 
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TABLES 


AVERAGE CATHODE CURRENT EFFICIENCIES OF 
COMMON PLATING SOLUTIONS 


By Nathan E. Promisel 

Washington, D. C. 


Note: Some 

of these figures are very approximate. 

Cathode efficiency de- 

pends very much 

on the plating conditions actually used. 

However, the figures 

below serve as a 

starting point for estimating metal yields 

from tables of plating 

limes or electrochemical equivalents (see page 207) which 
efficiencies of 100%. 

are based on cathode 

Usuol Cathode 

Metal 

Type of Bath Efficiency — per Cent 

Cadmium 

Cyanide 

88- 95 

Chromium 

Chromic acid-Sulfate 

12- 16 

Copper 

Acid Sulfate 

97-100 

Copper 

Cyanide 

30- 60 

Copper 

Rochelle-Cyanide 

40- 70 

Cobalt 

Acid Sulfate 

95- 98 

Gold 

Cyanide 

70- 90 

Indium 

Cyanide 

30- 50 

Indium 

Fluoborale 

30- 50 

Indium 

Acid Sulfate 

70- 80 

Iron 

Acid Chloride 

90- 98 

Iron 

Acid Sulfate 

95- 98 

Lead 

Fluoborate 

100 

Lead 

Fluosilicate 

100 

Nickel 

Acid Sulfate 

94- 98 

Silver 

Cyanide 

100 

Tin 

Acid Sulfate 

90- 95 

Tin 

Stannate 

70- 90 

Rhodium 

Acid Phosphate 

10- 18 

Rhodium 

Acid Sulfate 

10- 18 

Zinc 

Acid Sulfate 

99 

Zinc 

Cyanide 

85- 90 
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TEMPERATURE— STEAM PRESSURE TABLE 


Absolute* 
Steam Pressure 
lb./in.2 

1.274 

1.692 

2.221 

2.887 

3.716 

4.739 

5.990 

7.510 

9.336 

11.525 

14.123 

17.188 

20.78 

24.97 

29.82 


♦To obtain 


Temperature 

op. 

Absolute* 
Steam Pressure 
Ib./in.“ 

260 

35.43 

270 

41.85 

280 

49.2 

290 

57.55 

300 

67.01 

310 

77.68 

320 

89.65 

330 

103.03 

340 

117.99 

350 

134.62 

360 ■ 

153.01 

370 

173.33 

380 

195.70 

390 

220.29 

400 

247.25 


pressure subtract 14.7 from the absolute pressure. 


Temperature 

»F. 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 


ELECTRICAL RESISTIVITY OF METALS AND ALLOYS 

(Ohm-centimeters X 10 ®) 


Aluminum (Commercial) 2.83 Mercury - 95.8 

Brass 6.4-8.4 Monel 42 

Bronze 13-18 • Nichrome 100 

Cadmium 7.5 Nickel 7.8 

Carbon 3500 Nickel-silver (18%) 33 

Chromium 2.6 Palladium - 11 

Cobalt 9.7 Phosphor bronze 5-10 

Copper 1.75 Platinum 10 

Gold 2.44 Rhodium 4.7 

Gold (14 Kt.) 13.2 Silver - 1.63 

Graphite 800 Steel (Soft) — - — 16 

Indium 8.37 Steel (Hard) — - 45 

Iron (Pure) 10 Steel (Stainless 18/8) 40-50 

Lead 22 Tin 11.5 

Magnesium 4.6 Zinc 5.8 
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ELECTROCHEMtCAL EQUIVALENTS 

Calculated on Basis of 100% Cathode Efficiency 
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♦These figures are for 1 troy ounce per square foot. 



CONVERSION TABLES 


All quantities refer to U. S. units 

Carat (c) (metric) 3.08647 grains; 0.2 gram. 

Centimeter (cm.) 0.3937 inch; 0.03281 ft.; 0.01 meter. 

Cubic Centimeter (cm.^) 0.03381 oz. (fluid) ; 0.061023 cubic inch; 0.001 

liter. 

Cubic Foot (ft.3 or cu. ft.) 7.481 gallons; 1728 cubic inches; 23.316 liters; 

28,317 cubic centimeters. 

Cubic Inch (in.^ or cu. in.) 0.004329 gallon; 0.5541 ounce (fluid) ; 16.3872 

cubic centimeters. 

Foot (ft.) - 0.3048 meter; 30.48 centimeters. 

Gallon (gal.) weighs 8.337 lb. at 62® F.; 0.13368 cubic foot; 

128 oz. (fluid) ; 231 cubic inches; 3.7853 liters; 
3785.4 cubic centimeters. 

Grain (gr.) 0.0020833 oz. (troy) ; 0.0022857 oz. (avoirdu- 

pois) ; 0.0648 gram. 

Gram (g.) 0.03215 oz. (troy) ; 0.035274 oz. (avoirdupois) ; 

0.643 pennyweight. 

Inch (in.) 2.540 centimeters. 

Kilogram (kg.) 2.2046 lb. (avoirdupois) ; 1000 grams. 

Liter (1.) 0.2642 gal.; 0.035316 cu. ft.; 1.0567 quarts 

(liquid); 61.025 cu. in.; 1000 cubic centi- 
meters. 

Mil 0.001 inch; 0.00254 centimeter; 25.4 microns. 

Milligram (mg.) 0.001 gram. 

Millimeter (mm.) 0.03937 inch; 0.001 meter; 1000 microns. 

Ounce (fluid) (fl. oz.) 0.0078125 gallon; 0.03125 quart (liquid) ; 

1.80469 cubic inches; 29.5737 cubic centi- 
meters. 

Ounce (avoirdupois) (oz.) 0.0625 lb. (avoir.) ; 0.911458 oz. (troy) ; 

18.2292 pennyweights; 437.5 grains; 28.3495 
grams. 

Ounce (troy) 0.068571 lb. (avoir.) ; 0.0833 lb. (troy) ; 20 

pennyweights; 480 grains; 31.10348 grams. 

Pennyweight (dwt.) (troy) 0.0034286 lb. (avoir.) 0.004167 lb. (troy) ; 

1/20 oz. (troy) ; 24 grains; 1.552 grams. 

Pint (pt.) (liquid) 16 oz. (fluid); 28.875 cu. in.; 473.18 cubic 

centimeters. 

Pound (avoirdupois) (lb. av.) 1.2153 lb. (troy) ; 14.583 oz. (troy) ; 16 oz. 

(avoir.) ; 291.667 pennyweights; 7000 grains; 
453.592 grams. 

Pound (troy) (lb. tr.) 0.82286 lb. (avoir.) ; 12 oz. (troy) ; 13.166 oz. 

(avoir.) ; 240 pennyweights; 5760 grains; 
373.24 grams. 

Quart (qt.) (liquid) 0.03342 cubic foot; 0.25 galloh; 32 oz. (fluid) ; 

57.749 cubic inches; 946.358 cubic centi- 
meters. 

Square Centimeter (cm.2) 0.0010764 sq. ft.; 0.155 sq. in. 

Square Decimeter (dm.2) 15.50 sq. in.; 0.01 sq. meter; 100 sq. centi- 

meters. 
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Square Foot (ft.2) 144 gq. in.; 929.034 sq. centimeters. 

Square Inch (in.^) 0.006944 sq. ft.; 6.4516 sq. centimeters. 

Square Meter (m.2) 1.196 sq. yd.; 10.7639 sq. ft.; 1550.0 sq. in.; 

10,000 sq. centimeters. 


CONVERSION FACTORS 

Grams per liter (g./l.) multiplied by 0.134“ avoirdupois ounces per gallon 

(oz./gal.). 

Avoirdupois ounces per gallon (oz./gal.) multiplied by 7.5=:grams per liter 

(g./L). 

Grams per liter (g./l.) multiplied by 0.122=troy ounces per gallon (tr. oz./gal.). 

Troy ounces per gallon (tr. oz./gal.) multiplied by 8.2=grams per liter (g./L). 

Grams per liter (g./l.) multiplied by 2.44“ pennyweights per gallon (dwt./gal.). 

Pennyweights per gallon (dwt./gal.) multiplied by 0.41=:grams per liter (g./l.). 

Amperes per square decimeter (amp./dm.2) multiplied by 9.29= amperes per 

sq. ft. (amp./ft.2) . 

Amperes per square foot (amp./ft.^) multiplied by 0.108 = amperes per square 

decimeter (amp./dm.2). 

Fluid ounces per gallon (fl. oz./gal.) multiplied by 7.7=cubic centimeters per 

liter (c.c./l.). 


COMMON pH INDICATORS 


Common Name 

pH Range 

Color Change 

Acid cresol red 

0.2 — 

1.8 

red — yellow 

Meta cresol purple (acid range) . 

1.2 — 

2.8 

red — yellow 

Thymol blue (acid range) 

- 1.2 — 

2.8 

red — yellow 

Brom phenol blue 

3.0 — 

4.6 

yellow — purple 

Brom cresol green 

. 3.8 — 

5,4 

yellow — blue 

Methyl red 

4.2 — 

6.2 

red — yellow 

Chlor phenol red — - 

. 4.8 — 

6.4 

yellow — red 

Brom phenol red _ 

5.2 — 

6.8 

yellow — red 

Brom cresol purple 

. 5.2 — 

6.8 

yellow — purple 

Brom thymol blue 

6.0 — 

7.6 

yellow — blue 

Phenol red 

. 6.4 — 

8.0 

yellow — red 

Cresol red 

Mela cresol purple 

.. 7.2 — 

8.8 

yellow — red 

(alkaline range) — 

- 7.6 — 

9.2 

yellow — purple 

Thymol blue (alkaline range) _ 

8.0 — 

9.6 

yellow — blue 

Phthalein red - 

- 8.6 — 

10.2 

yellow — red 

LaMotte purple 

9.6 — 

11.2 

purple — red purple 

Tolyl red - 

. 10.0 — 

11.6 

red — yellow 

Alizarin yellow 

, 10.1 — 

12.0 

yellow — violet 

LaMotte siilfo orange - 

. 11.0 — 

12.6 

dark orange — light orange 

Parazo orange - 

„ 11.0 — 

12.6 

yellow — orange 

LaMotte violet 

- 12.0 — 

13.6 

violet — blue green 

Acyl blue — 

. 12.0 — 

13.6 

red — blue 
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METAL CONTENT OF COMMON PLATING SALTS 

By No^hoii E. Promisel 

Washington^ D. C. 

(Note: Technical products usually vary slightly from stated percentages.) 

Technicol Nome of Soft 

Chemical Formula 

Per Cent Metol 

Antimony trichloride 

SbCIs 

53.4 

Cadmium cyanide — 

Cd (CN )2 

68.3 

Cadmium oxide ^ 

CdO 

87.5 

Chromic acid - ~ 

Cr 03 

52Jd 

Cobalt sulfate (anhydrous) 

C 0 SO 4 

38.0 

Cobalt sulfate, crystal 

CoSO^-THjO 

21.0 

Copper carbonate (basic) 

CuC03Cu(0H)2 

57.5 

Copper chloride (ic) . 

CuCl 2 

47.3 

Copper cyanide (ous) 

CuCN 

71.0 

Copper sulfate (ic), crystal 

CuSO^-SHjjO 

25.5 

Ferrous chloride, crystal - 

FeCl2-4H20 

28.1 

Ferrous ammonium sulfate 

FeSO^.(NHJoS 04 - 6 H ^,0 

14.2 

Gold chloride (ic) 

AUCI 3 

64.9 

(k>ld chloride (ic), crystals 

Aua 3 - 2 H 20 

58.1 

Gold chloride (ous) 

AuCl 

84.7 

Gold cyanide (ous) . 

AuCN 

88.3 

Gold potassium cyanide 

KAu(CN )2 

68.3* 

Gold potassium cyanide, crystal 

KAu(CN) 2 * 2 H 20 

60.8 

Gold sodium cyanide 

NaAu(CN )2 

72.5* 

Lead carbonate (basic) 

Pb(OH) 2 - 2 PbC 03 

80.1 

Mercuric chloride . . 

HgQs 

73.8 

Mercuric cyanide 

Hg(CN )2 

79.4 

Mercuric nitrate 

Hg(N03)2 . 

61.8 

Mercuric nitrate, crystal 

Nickel ammonium sulfate 

Hg(N 03 ) 2 H 20 

58.6 

(double nickel salts) - 

NiS 04 (NH 4 ) 2 S 04 - 6 H 20 

14.9 

Nickel carbonate (basic) 

2NiC03-3Ni(0H)2-4H20 

50.0 

Nickel chloride, crystal 

NiCl 2 - 6 H 20 

24.7 

Nickel sulfate (single nickel salt) 

NiS 046 H 20 

22.3 

Platinum chloride, crystal 

H 2 Ptae 6 H 20 

37.7 

Rhodium phosphate, crystal 

RhP043Ho0 

29.9 

Rhodium sulfate, crystal 

J{h2{SO^)l’UU^O 

29.0 

Silver chloride . 

AgCl 

75.3 

Silver cyanide 

AgCN 

80.5 

Silver potassium ■ cyanide 

KAg(CN )2 

54.2 

Silver sodium cyanide 

NaAg(CN)^ 

59.0 

Silver nitrate 

AgNOg 

63.5 

Sodium stannate, crystal 

Na2Sn03*3H20 

44.5 

Tin chloride (ous) , crystal 

SnCl 2 * 2 H 20 

52.6 

Tin sulfate (oiis) 

SnS 04 

55.3 

Tungstic acid 

H 2 WO 4 

73.6 

Tungstic oxide 

WO 3 

79.3 

Zinc cyanide 

Zn(CN )2 

55.7 

Zinc oxide 

ZnO 

80.3 

Zinc sulfate, crystal _ _ __ 

ZnS047H20 

22.7 

♦Technically salts may contain appreciably less, and gold content 
container. 

is usually stated on 
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PRODUCTION 
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ALPO 
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one coat textured finish. 

POLYPLASTIC 
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RINKOUN 

— America’s No. 1 wrinkle finish — fool- 
proof and uniform. 

PLASTO-PAK 
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ORGANIC FINISHING 


WILLOUGHBY G. SHEANE, Editor 

ClEFiNITIONS OF ORGANIC FINISHING MATERIALS 

PAINT. An opaque, colored combination of drying oil (linseed oil, perilla 
oil, etc.) and suitable pigments and solvents, with or without driers, resins, etc., 
used mainly for architectural purposes. Paints dry relatively slowly and cure at 
ordinary temperatures. 

LACQUER. A combination of cellulose ester (cellulose nitrate, cellulose 
acetate) and one or more plasticisers, resins and solvents, with or without pig- 
ments, etc., used principally in industrial finishing. Due to the nature of the 
solvents employed, drying is rapid, even under ordinary conditions. Curing is 
accomplished by air-drying at room temperature or by “force-drying” at slightly 
elevated temperatures. 

Lacquer Dope. A special type of lacquer of cellulose nitrate or cellu- 
lose acetate base used for coating airplane fabric, leather, paper, etc. Also, 
any stock cellulose ester solution used as a base for further formulation. 

Pyroxylin Lacquer. A lacquer employing a cellulose nitrate (nitrocellu- 
lose) base. 

Clear Lacquer. A transparent to translucent lacquer, either colorless 
or colored, whose formulation includes no pigments or other opacifying agents. 

Pigmented Lacquer. Any opaque, colored lacquer. 

VARNISH. A usually unpigmented, colorless combination of resin and 
drying oil, solvents and, generally, driers. Varnishes find most application in 
architectural finishing, although some are designed for industrial purposes. Dry- 
ing takes place slowly at room temperature. Curing may be accomplished with or 
without heat, depending on the formulation. 

Long Oil Varnish. A varnish in which the proportion of drying oil to 
resin is large. In general, long oil varnishes require a somewhat longer period 
in which to cure and are more flexible and durable than those of the short oil 
variety 

Spar Varnish. A long oil varnish of high grade, designed for outdoor 
use and where durability is required. 

Color Varnish. A varnish in which pigments have been incorporated to 
produce a desired color. 

Spirit Varnish. A finishing material similar in characteristics to varnish, 
but usually made without heat by simple solution of resins in solvents, especial- 
ly alcohol. 

ENAMEL. A pigmented combination employing either a resin or varnish 
base. Enamels are used for both industrial and architectural purposes. They 
dry somewhat more rapidly than paints and less rapidly than lacquers. Depend- 
ing on their formulation, they may be cured at room temperature or at elevated 
temperatures. 

Lacquer Enamel. An enamel employing a lacquer base. 

JAPAN. A dark colored and usually black combination of a bituminous 
material such as asphalt, drying oils and solvents, with or without pigments, driers, 
etc., used principally for industrial purposes. Depending on their composition. 
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ALL TYPES OF 






CLEAR COATINGS 

for METALS 

AIR-DRY PRIMER 

Top Coat Lacquer ■ Buffing 

Salt Spray Resistant 

Outdoor Lacquer 
Baking Lacquers 

Alcohol Proof Alcohol Resistant 
Alkali Resistant 

Superior Jewelry Coatings 

Elastic Perspiration-Proof IS on-blushing 

Agate Lacquer Co., Inc. 



11-13 Forty-third Road 
Long Islond City, N* Y. 
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japans are cured by baking at elevated temperatures or by air-drying at ordinary 
temperatures. 

Wafer Japan. A japan so prepared as to use water in place of the usual 

organic solvents. 

SHELLAC. The alcohol solution of the natural resin shellac, with or without 
oils, other resins, etc. Shellac dries quickly and its use is generally limited to 
indoor architectural applications. 

SYNTHETIC. Any organic finishing material whose formulation is based 
on synthetic, i.e. manufactured, resins rather than those of natural origin. 

BITUMINOUS PAINT, ENAMEL, efc. Any of the usual types of finishing 
materials which employs appreciable amounts of bituminous substances in its 
formulation. Bituminous finishing materials are of necessity limited to dark colors. 


PROPERTIES OF COMMON SOLVENTS 


Flash 

Solvent 

ALCOHOLS 

Methyl Alcohol 

Ethyl Alcohol - 

Isopropyl Alcohol 

Secondary Butyl Alcohol 

Isobutyl Alcohol - 

Normal Butyl Alcohol 

Secondary Amyl Alcohol 

Amyl Alcohol (mixed isomers) 

Methyl Amyl Alcohol 

Hexyl Alcohol 

Octyl Alcohol 

ESTERS 


Methyl Acetate (82%) 

53- 55 

5 

7.55 

Ethyl Acetate (85%) 

... 70- 80 

35 

7.37 

Isopropyl Acetate (85%) 

82- 90 

45 

7.13 

Isopropyl Acetate 

... 84- 94 

35 

7.23 

Diethyl Carbonate (91%) 

... 87-127 . 

85 

7.96 

Secondary Butyl Acetate (82%) — 

.. 105-127 

88 

7.14 

Isobutyl Acetate — 

... 114-118 

88 

7.24 

Normal Butyl Acetate (90%) 

... 119-127 

88 

7.29 

Ethyl Lactate 

... 119-176 

140 

8.60 

Secondary Amyl Acetate (92%) 

... 121-144 

111 

7.18 

Normal Butyl Propionate - 

... 124-171 

105 

7.27 

Amyl Acetate (mixed isomers) (84%) . — 

... 127-155 

111 

7.17 

Methyl Amyl Acetate 

... 140-147 

113 

7.13 

Methyl Cellosolve Acetate 

... 143-145 

132 

8.37 

Cellosolve Acetate - 

... 145-166 

122 

8.10 


Boiling Point Wt./Gol. 


Range 

(Open Cup) 

ot20°( 

*C. 

°F. 

lbs. 

64- 66 

52 

6.60 

.. ... 74- 79 

65 

6.58 

82- 83 

67 

6.54 

.... 96-103 

88 

6.72 

107-111 

111 

6.68 

116-119 

111 

6.75 

117-124 

no 

6.74 

121-139 

111 

6.77 

....- 131-132 

114 

6.72 

144-156 

145 

6.93 

...... 182-202 

178 

6.94 
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Isopropyl Lactate 

149-167 

130 

8.22 

Hexyl Acetate (91%) — 

157-164 

135 

7.29 

Butyl Cellosolve Acetate 

188-192 

180 

7.85 

Octyl Acetate 

„ 195-203 

180 

7.27 

Methyl Carbitol Acetate 

203-212 

180 

8.65 

Carbitol Acetate 

211-220 - 

225 

8.41 

Butyl Carbitol Acetate 

„ 236-249 

260 

8.21 

ETHER ALCOHOLS 




Methyl Cellosolve . 

121-126 

105 

8.04 

Cellosolve 

133-137 

111 

7.75 

Isopropyl Cellosolve 

140-143 

125 

7.53 

Butyl Cellosolve 

163-172 

165 

7.50 

Methyl Carhitol 

190-194 

200 

8.62 

Carbitol 

189-203 

205 

8.55 

Butyl Carbitol 

220-231 

230 

7.95 

Benzyl Cellosolve - — 

254-258 

265 

8.90 

KETONES 




Acetone 

55- 57 

0 

6.60 

Methyl Ethyl Ketone 

77- 82 

34 

6,73 

Diethyl Ketone . 

100-104 

59 

6.78 

Methyl Propyl Ketone - 

101-107 

60 

6.74 

Methyl Isobutyl Ketone 

112-118 

74 

6.67 

Mesityl Oxide (86%) — . 

117-139 

90 

7.12 

Dipropyl Ketone 

138-144 

120 

6.79 

Methyl Normal Amyl Ketone 

147-153 

115 

6.81 

Diacetone Alcohol 

153-160 

135 

7.79 

Diisobutyl Ketone 

164-169 

145 

6.72 

Acetonylacetone — 

188-193 

190 

8.10 

HYDROCARBONS 




Benzene 

78- 81 

<5.5 

7.31 

Petroleum Naphtha 

96-129 

31 

6.11 

Toluene — - 

109-111 

44 

7.21 

Xylene - 

127-159 

80 

7.17 

Hi-Flash Naphtha 

149-193 

115 

7.16 

Mineral Spirits - 

. 152-207 

140 

6.40 

V. M. and P. Naphtha 

„ 168-210 

120 

6.36 

MISCELLANEOUS 




Ethylene Dichloride 

82- 84 

70 

10.45 

Turpentine (Gum Spirits) 

154-201 

no 

7.22 

Turpentine (Steam Distilled) 

155-173 

115 

7.13 

Except where noted, alcohols, esters. 

ether alcohols and ketones 

are 95% or 


greater purity. Data based on “Lacquer Solvents in Commercial Use,” Doolittle, 
Ind. & Eng. Chem., 27, No. 10. 


219 








Vr' 

ir 


ZAPON DIVISION 

ATLAS POWDER COMPANY 
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Stamford, Conn. North Chicago, ill. 
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SOLVENT CLASSIFICATION 


Solvents are often classified as “low,” “medium” or “high” boilers, that is, 
they are grouped according to their boiling points. This system is not exact, of 
course, and there are many instances where overlapping occurs. 

Given below are the various classes, with examples of the types of solvents 
commonly used in finishing materials. 

Class I. Low Boilers. Boiling below 100° C. 

Boiling 


Type 

Example 

Range — °C 

Alcohol 

Ethyl Alcohol 

74-79 

Ester 

Ethyl Acetate (85%) 

70-80 

Ketone 

Acetone 

55-57 

Coal Tar Hydrocarbon 

Benzene 

78-81 

Class II. Medium Boilers. 

Boiling near 125° C. 

Boiling 

Type 

Example 

Range — °C. 

Alcohol 

Normal Butyl Alcohol 

116-119 

Ester 

Ethyl Butyrate 

107-131 

Ketone 

Methyl Isobutyl Ketone 

112-118 

Ether-Alcohol 

Methyl Cellosolve 

121-126 

Coal Tar Hydrocarbon 

Toluene 

109-111 

Petroleum Hydrocarbon 

Petroleum Naphtha 

96-129 

Class III. High Boilers. Boiling between 150° and 200° C. 

Boiling 

Type 

Example 

Range — ° C. 

Alcohol 

Benzyl Alcohol 

199-204 

Ester 

Butyl Lactate 

145-230 

Ketone 

Acetonylacetone 

188-193 

Ether-Alcohol 

Methyl Carbitol 

190-194 

Coal Tar Hydrocarbon 

Xylene 

127-159 

Petroleum Hydrocarbon 

VM&P Naphtha 

152-207 


SHELLAC DATA 


Chi' 

(lbs. dry shellac 

Wfr./Gal. 

Per Cent 

Alcohol Content 

per gal. alcohol) 

(lbs.) 

Solids 

(gols./gol. shelloc) 

1.0 

7.1 

12.9 

0.91 

1.5 

7.2 

18.1 

0.87 

2.0 

7.3 

22.8 

0.83 

2.5 

7.4 

26.9 

0.80 

3.0 

7.5 

30.6 

0.77 

3.5 

7.6 

33.8 

0.74 

4.0 

7.7 

37.0 

0.71 

4.5 

7.8 

39.7 

0.69 

5.0 

7.9 

42.4 

0.67 
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PLATER AND 


FINISHER 



CHEMICALS 
TO 

N AND CONDITION 

r 

METALS FOR FINAL FINISH 


Hill 


CHEMICALS 


ACP 


PROCESSES 


GOOD ADHESION REQUIRES 
A CLEAN SURFACE ON THE BASIS METAL 




The American Chemical Paint Company has pioneered for over a quarter 
of a century in creating and developing chemicals and processes for 
cleaning and conditioning metal surfaces. The products listed below are 
especially valuable aids to platers and finishers. 


THERMOIL-GRANODINE creates a 
heavy coating of iron and manganese 
phosphate which greatly retards rust. 
Under plating or paint, unusual protec- 
tion is provided. 

DEOXIDINES — Phosphoric acid metal 
cleaners which remove rust and rusters 
and prepare metal surfaces properly for 
painting. 

DURIDINE 210B (formerly 210B De- 
oxidine) assures proper cleaning and 
deposits a thin, tight and relatively hard 
phosphate coating so essential to a 
bright enduring finish. 

LITHOFORM produces a phosphate 
coating that bonds paint to galvanized, 
zinc or cadmium coated surfaces. 


RIDOSOL improves the detergent 
properties of alkali cleaning solutions — 
especially useful when solutions are used 
at lower temperatures. 

RODINE an inhibitor, confines the ac- 
tion of the acid in the pickle bath to 
the removal of scale and rust — protects 
the clean metal, saves acid and produces 
better pickled work. 

ALODINE provides protective coatings 
or prepares aluminum surfaces for paint- 
ing. It is applied in one minute by 
spray or three minutes by immersion — 
eliminates the long time and extensive 
equipment required by the electrolytic 
process. No sealing is necessary. 


MANUFACTURERS OF INHIBITORS AND METAL WORKING CHEMICALS 

AMERICAN PAINT CO. 

AMBLER J o !,[ InJ PENNA. 

Niti— Wist Coast Plants may address Inquiries and orders for prompt delivery to Leon Finch, Ltd., 728 East S9th St., Los AnKoies, Caiitornli 


SYNTHETIC RESINS AND RUBBERS 

By P. O. Powers 

This chart lists important resins and rubbers produced in commercial quanti- 
ties in the United States. Some of the registered trade marks or trade names 
designating the resins are used. For brevity, no attempt has been made to include 
all of these nor company trade marks ordinarily associated with more than one 
type of resin. The formulas for the resins are necessarily abbreviated and may 
not always be entirely accurate. In some cases the formulas used have not been 
previously suggested. 
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(Continued on page 225) 
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(jCacquefi and Suntketic ddnameli 

FOR ALL TYPES OF SURFACES 


Nitrocellulose Lacquers for brass, bronze, 
zinc, copper and chrome. 

★ 

Baking S. G., clear and colors for cosmetic 
containers. 

★ 

Specialized production finishes formu- 
lated to meet your requirements. 

★ 

Air dry crystal lacquer. 

★ 

Baking texture enamel. 



h^andoifyk ^dinidkin.^ J^roducts C^ompan^ 
Carlstadt New Jersey 



COPOLYMERS 



coprR/GHi: 1941 . at' eat eotrees. 

(Continued on page 226) 
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-DRIERS 


Driers, although present in relatively small amounts, are perhaps the most 
important ingredients which the coating manufacturer must use so that the finisher 
can be supplied with materials to meet his requirements. 

The following information is offered to'^ provide an understanding and appre- 
ciation of the function and mechanism of driers. It is not to be construed as 
instructions for their use. Directions of finishing material suppliers must be 
followed exactly at all times if satisfactory results are to be obtained. 

♦ ♦ ♦ 

Paints, varnishes and other finishing materials of similar type cannot be 
utilized to the fullest unless the proper type and quantity of drier is used. Inasmuch 
as these finishing materials in the wet state have no value until they are converted 
to a dry film, driers are essential because without them this conversion takes too 
long for practical purposes. Therefore, driers should be considered as catalysts 
which, when added to finishing materials, accelerate the formation of a useful 
film by increasing the speed of oxidation and/or polymerization and/or gelation. 

Effecf of Drying Conditions 

(a) Temperature — The effectiveness of driers increases rapidly with an 
increase in temperature. Therefore, the amount of driers must be adjusted to the 
temperatures involved. 

(b) Humidity — As humidity increases, the effectiveness of driers is generally 
decreased. 

(c) Light — In the presence of light the effectiveness of driers is much 
more marked. Paints dry much slower in the dark. 

(d) Ventilation — A supply of 'fresh air removes evaporating solvents from the 
wet film and brings to it large volumes of oxygen. Hence, good ventilation is 
essential. 

(e) Film Thickness — Finishing materials have an optimum thickness at 
which they dry properly. Thick films tend to top dry or wrinkle. 

Function of Driers 

Given below are the functions of the principal driers employed in the finishing 
industry. 

It should be emphasized that the individual driers listed are seldom used alone 
but rather in combinations of two or more. The formulator must consider the 
functions of each, as well as the type finish he is preparyig in order to select the 
proper drier combination. 

Cobalt Drier — This is the most active drier, sometimes used alone but more 
often with an auxiliary drier such as lead, calcium or zinc. This drier is often 
referred to as a “top” drier because it has the tendency, particularly when used in 
excess, to dry the surface of the protective film too rapidly. It is essential for 
finishing materials known to be applied under humid conditions. 

Lead Drier — This is the most important auxiliary drier. It is rarely used 
alone but is usually combined with cobalt or manganese, or both, to give balanced 
drying. High lead driers offset the tendency of thick films to top dry or wrinkle. 

Manganese Drier — This drier is used in air drying finishes in conjunction 
with lead drier. It is often used in baking finishes where it is usually very effective 
even at low concentrations. 
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BLAKESLEE 


DEGREASING MACHINES 
METAL PARTS WASHERS 
DEGREASING SOLVENTS 

WRITE FOR FREE LITERATURE 

G. S. BLAKESLEE & CO. 

MAIN OFFICE AND WORKS 

381 4th Ave. Cicero Station 1379 Bloor St., W., 

New York 16, N. Y. Chicago 50, III. Toronto 9, Ontario 



KREIDER 

^Qnttikuaal 


Dries a basket of small parts in 
only 35 seconds 


One-man outfit for drying; all types 
of plated work and small lacquered 
parts. Speeds production--— improves 
quality — cuts operating costs. 
Sturdy all-steel electric welded con- 
struction, %-HP motor, V-belt drive. 
Anti-friction bearings. Controls in- 
clude reversing drum and simple 
fast action foot brake. Available 
with or without heating unit. 


Write or wire for complete information and prices 



DELLINGER MANUFACTURING COMPANY 

7 31 NORTH PRINCE STREET LANCASTER, PENNSYLVANIA 




Zinc Drier — This drier is considered a mild auxiliary drier and is usually 
used with cobalt as it inhibits the excessive top drying of such an active drier as 
cobalt. In this manner it prevents wrinkling. Zinc drier is also used to replace 
lead where lead cannot be employed due to its toxicity or due to its tendency to 
discolor in the presence of sulfides. 

Iron Drier — This unique drier is of value when used in conjunction with 
cobalt and manganese in certain types of air dried finishing materials. It is 
becoming more popular in baked finishing materials and may be used alone. Due 
to staining, it is limited to black and colors and tints other than white. This drier 
is often very effective in reducing surface tack of paints containing fish oil. 

Calcium Drier — This drier is of the auxiliary type such as lead and zinc. It 
has several valuable applications. It can be used to replace lead where this metal 
cannot be used. When used in conjunction with lead it serves to stabilize the 
driers in those vehicles that have a tendency to form a “lead haze.” In baking 
finishes, calcium often shows better performance as an auxiliary drier than lead 
or zinc. 


GLOSSARY OF COLOR TERMS 

Block. The absence of color. Zero brilliance and 100% saturation. 

Brillionce. The percentage of incident light reflected by an object. A perfect!) 
white material has 100% brilliance while an absolute black has zero brilliance. 
Chromatic Scale. The colors of the spectrum — red, orange, yellow, green, blue, 
violet. 

Color. That quality by which bodies have a different appearance, independently 
of their form, depending on the effect of different wave lengths on the retina of 
the eye. 

Color Scale. A series of colors grading from one hue to another or a similar series 
of tones of one hue. 

Complementary Colors. Colors which together make white. Red and green, blue 
and orange, yellow and violet or complementary pairs of colors. 

Hue. The predominant wave length reflected by a colored material which deter- 
mines its position in spectral or chromatic scale. It is an attribute of a masston** 
shade or tint. 

Mosstone. A full strength color. The hue of a color not toned with white or 
black. 

Pastel. A tint. A masstone to which white has been added. 

Pigment. An insoluble material that imparts a color or black or white to the 
material to which it is added. 

Primary Colors. Red, yellow and blue. 

Saturotion. The percentage of reflected light which is colored. 

Secondary Colors. Orange, green and violet. Mixtures of primary colors. Orange 
from a blend of red and yellow; green from yellow and blue; violet from blue and 
red. 

Shode. A color toned with black or with a complementary color having some 
degree of dulling effect. 

Spectrum. The series of hues of continuous gradation of which white light is 
composed. 

Tertiary Colors. Citron, olive and russet. Mixtures of secondary colors. Citron 
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from a blend of orange and green; olive from green and violet; russet from violet 
and orange. 

Tint. A masstone color to which white has been added. A pastel color is a tint. 
Tone. A step in the scale of a single color or hue, ranging from the lightest tint 
to the darkest shade of that color. 

White. Zero saturation and 100% brilliance. 


COLOR classifications' 

The spectrum has been arbitrarily divided into six broad regions designated as 
violet, blue, green, yellow, orange and red. Since the appearance of the spectrum 
varies continuously throughout its length, this classification of spectral colors is 
only approximate. A more precise classification is provided by the following scale 
based on wave length. 


Color 

Wavelength Range 
( Millimicrons) 

Violet 

400 to 460 

Blue 

460 to 500 

Green 

500 to 570 

Yellow 

570 to 590 

Orange 

590 to 610 

Red 

610 to 700 


Colors are also classified as primary, secondary and tertiary. 

The primary colors are red, yellow and blue. 

The secondary colors are orange, green and violet and may be obtained by mix- 
ing pairs of primary colors as follows: 

Red and yellow make orange. 

Yellow and blue make green. 

Blue and red make violet. 

The tertiary colors are citron, olive and russet and may be obtained by mixing 
pairs of secondary colors as follows: 

Orange and green make citron. 

Green and violet make olive. 

Violet and orange make russet. 


COLOR SYSTEMS 

There are two major systems of color which may lay claim to wide recogni- 
tion both in America and Europe. These are the creations of Albert H. Munsell 
(1859-1918) and Wilhelm -Ostwald (1853-1932). 

The two systems are greatly alike in several respects: 

1. An orderly sequence of colors which plot the entire realm of visual 
sensation. 

2. A three-dimensional conception in which the general form of the solid 
comprises a white and a black apex, a neutral gray axis, pure hues about an 
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equator and intermediate scales of tints, shades and tones in methodical arrange- 
ment. 

3. A method of color identification in which each individual tone within the 
solid is to be measured and noted. 


MUNSELL SYSTEM 

Basically, the Munsell system follows the general shape of a sphere. However, 
because all pure colors do not have like brightness or purity, light hues like yellow 
are placed near the white apex and dark colors like purple near the black. Again, 
colors of strong saturation, like red, extend further from the neutral gray axis than 
colors like blue-green. These features are illustrated in Figures 1, 2 and 3. 

In the Munsell system the three dimensions of color are hue, value and chroma. 

Hue is the quality which distinguishes red from orange, orange from yellow, 
etc. It is identified in the system with letters as follows: 


R: Red 

YR: Yellow-Red 
Y: Yellow 
GY: Green-Yellow 
G: Green 


BG: Blue-Green 
B: Blue 

PB: Purple-Blue 
P: Purple 
RP; Red-Purple 


Value refers to apparent lightness as compared with white, grays or black. 
Nine value steps from black to white have numbers from 1 through 9. 

Chroma refers to purity, saturation or apparent degree of departure from a 
“neutral” gray. A hue of low chroma will thus have a low number (1, 2, 3). Hues 
of strong chroma will have correspondingly larger numbers, a brilliant red reaching 
a chroma of 14 or more. 

Hence, hue is given a symbolic letter. The identification of value follows next 
with a number and the identification of chroma is third with another number. 


Exomples of Munsell Notations 

Y 3/2. This would be a deep olive color, being a yellow equivalent in value 



Figure 1. Munsell color solid. Light 
colors appear at a level near white and 
dark colors at a level near black. In> 
tense hues extend further from the 
gray scale than pale colors. 



231 




Figure 3. Sections of Munseli color 
solid. These are vertical sections. 
Numbers from 1 through 9 indicate the 
gray scale. Upper diagram shows tone 
variations and scales of red and blue- 
green. Lower diagram shows scales of 
yellow and purple-blue. 



Figure 5. Ostwald color circle. The 
complete circle contains 24 hues with 
red, yellow, sea green and ultramarine 
blue (the psychological primaries) as a 
basis. 



Figure 4. Ostwald color solid. Pure 
hues extend about the equator. These 
form graded scales toward white, black 
and gray. 



Figure 6. Section of Ostwald color 
solid. Letters a through p indicate the 
gray scale. The angle pa is pure color. 
All other tones comprise mixtures of 
white and black with hue — the first let- 
ter representing the white content and 
tixe second letter the black. Scales run- 
ning in oblique directions have equal 
white or equal black contents. 


to a deep gray (3) and weak in chroma (only 2 steps from neutrality). 

PB 7/6. This would be a lavender (purple-blue). The value (7) is equivalent 
to a fairly light gray. The chroma, 6 steps from neutrality, is clear and bright. 

R 5/3. This would be a soft grayish red midway in brightness between black 
and white and only three steps removed from gray. 

OSTWALD SYSTEM 

Whereas the Munseli system finds its dimensions in hue, value and chroma 
(which correspond to dominant wave length, luminous apparent reflectance and 
colorimetric purity, as recognized in most colorimetric practice), Ostwald is con- 
cerned with hue, black and white. Following principles stated by psychologists 
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such as Ewald Hering, Ostwald’s system recognizes that every color seen by the 
eye is composed of proportions of hue, of white and black and that all such ele- 
ments are measurable. His solid, as illustrated in Figure 4, has the form of a 
double cone. His color circle (Figure 5), at the circumference, is made up of 24 


hues which are 

designated with numbers. 

as follows: 

1: 


13: 

2: 

Yellow 

14: Ultramarine 

3: 


15 : Blue 

4: 


16: 

5: 

Orange 

17 : Turquoise 

6: 


18: 

7: 


19: 

8: 

Red 

20: Sea Green 

9: 


21: 

10: 


22: 

11: 

Purple 

23: Leaf Green 

12: 


24: 


Each of the 24 hues is made to comprise a monochromatic triangle having 28 
tones. The neutral gray scale has 8 steps and is identified with the letters a (for 
white), c, e, g, i, /, n, p (for black). 

Every color, pure or modified, is to be described with a combination of these 
letters. And the letters indicate the proportionate amounts of white and black 
contained in the tone. 


Examples of Osfwald Notations 

The numeral refers to the hue as on the color circle. The first letter refers to 
the white content and the second letter to the black content — both traced from 
corresponding amounts of white or black on the gray scale. 

8 pa. This would be a relatively pure red. The first letter p (black) indicating 
no white in the mixture, the second letter a (white) indicating no black. 

2 pi. This would be a deep yellow or olive, the first letter p indicating an ab- 
sence of white, the second letter i a slight amount of black. 

11 ga. This would be a lavender with a g amount of white, as on the gray 
scale, and no black. 

8 /e. This would be a soft grayish red having an I amount of white and an e 
amount of black, as on the gray scale. 

{Courtesy General Printing Ink Div.^ Sun Chemical Corp.) 
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TO FIT REQUIREMENTS 

Detrex equipment, scientifically engineered, and Detrex 
chemicals, scientifically compounded — combine with 
the Detrex Personahzed Service Policy to produce the 
ultimate in cleaning efficiency and results. 

DETREX METAL CLEANING EQUIPMENT AND CHEMICALS 

Degreasers Perm-A-Clor Solvent 

Solvent Stills Triad Solvent 

Metal Parts Washers Per-ex Solvent 

Petroleum Spirits Washers Triad Alkali Cleaners 

Cleaning Tanks Triad Emulsion Cleaners 

Processing Equipment Triad Spray Booth Compounds 

This complete line, backed by a file of case histories 
compiled in over 25 years of service to the metal cleaning 
industry, contains the answer to any cleaning problem 
in your production schedule. 



DETREX CORPORATION 


DETROIT 3, MICHIGAN 




SiLAC Mirr-O-Mist the revolutionary method of spraying 
metallic finishes on non-metallic bases. 

SiLAC Mirr-O-Mist is a spray method that quickly, easily 
and inexpensively produces a metallic finish on glass, plastic, 
cardboard, etc. 

Investigate the Silac Mirr-O-Mist method for your 
products. 

LANGLOTZ & COMPANY 

1 HANSON PUCE BROOKLYN 17, N. Y. 





TINTING GUIDE 


Add tinting colors in small quantities and with thorough stirring until desired 
color is obtained. Compiled by National Paint, Varnish and Lacquer Assn. 

Cream — to white add raw sienna, varying the amount to obtain pale, light or dark 
cream as desired. 

Grayed Cream — to cream add a trace of lampblack. 

Ivory — to white add a very little raw sienna and a trace of vermilion, or a little yel- 
low ochre and a trace of Venetian red. 

Pale Tan — to white add a small amount of burnt umber. 

Creamy Tan — to pale tan add a little raw sienna. 

Ecru — to white add medium chrome yellow and a little toluidine red. 

Buff — to white add an appreciable amount of raw sienna. 

Maixe — to white add a considerable amount of medium chrome yellow and some 
lemon chrome yellow. 

Sand — to white add yellow ochre and a trace of black and vermilion. 

Fawn — to white add burnt umber and yellow ochre. 

Pale Yellow — to white add a small amount of chrome yellow or medium chrome 
yellow. 

Colonial Yellow — to white add French ochre and medium chrome yellow. Use ap- 
proximately twice as much ochre as chrome. 

Dull Gold —to wliite add considerable light chrome yellow and a little Venetian red. 
Orange Yellow — to white add medium chrome yellow and a very little vermilion. 
Pale Orange — to while add a small amount of vermilion and chrome yellow. 

Burnt Orange — to white add vermilion and chrome yellow, graying off with a 
trace of Prussian Blue. 

Topax — to white add orange chrome yellow or medium chrome yellow and a little 
vermilion. 

Peach — to white add chrome yellow and a little vermilion. 

Pink — to white add a small amount of vermilion. 

Rose — to white add vermilion, turkey red or rose lake until the desired shade is 
produced. 

Salmon — to white add considerable deep orange chrome, graying off slightly with 
a trace of Prussian blue if desired. 

Coral — to white add medium chrome yellow and a little vermilion. 

Brick Red — to white add considerable Venetian red and about half as much Indian 
red. 

Dark Red — to brick red add a bit of lampblack. 

Maroon — to white and Venetian red, a little black and a trace of Prussian blue. 
Reddish-Brown — to burnt umber material add Venetian red. Add white if a lighter 
brown is desired. 

Light Yellowish-Brown — to white add chrome yellow and burnt umber. 

Cinnomon Brown — to white add raw sienna and golden ochre, more sienna than 
ochre. 
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Machines for 

WASHING, DEGREASING, PICKLING, DRYING 

DEGREASERS, tank type and conveyorized 

ALKALI WASHERS of all types • Special Washers for 
Tripoli Removal • Tank Type Spray Rinsers for Platers • 
Tumbling Machines • Heated Dip Tanks 

DRYERS, cabinet or conveyorized 

PLATERS SPOTLESS DRYERS • PAINT DRYING OVENS 

Machines for Bonderizing, Parkerizing, Aluminum Treatment: 
Special equipment designed and manufactured for your needs. 


^ Send for Illustrated Literature 


MABOR CO. 

^ Sin< 


Route 3, Box 77 
Rohwoy, New Jersey 


Cut Down 


WM 

REJECTS 

m 


with 


in your 
Metal 
Cleaning 
Baths 


In metal cleaning, you'll find Orvus an efficient assistant. The 
excellent cleansing and emulsifying qualities of this hymolal product, 
coupled with its ability to lower surface tension, offer you these 3 
important advantages: 

1. Permits cleaning both to operate at maximum efficiency 
as soon as prepared. 

2. Helps disperse lime soaps which might cause poor plot- 
ing results if permitted to deposit on the metal. 

3. Is effective in acid solution. 

Write for further information on Orvus. 

PROaER & GHHIBLE . . CINCINNATI, OHIO 



Green — to white add medium chrome green and medium chrome yellow in varying 
amounts to obtain desired depth of color. 

Soft Green — to white add chrome yellow, chrome green and raw sienna. 

Pole Green — to white add very small amounts of medium chrome green and medium 
chrome yellow. Deeper green may be obtained by using larger quantities of the 
same colors. 

Apple Green — to white add light chrome green and orange chrome. 

Seo Green — to white add deep chrome green. 

Adam Green — to white add medium chrome green and a little Chinese blue. 

Jade Green — to white add considerable chrome green, a little Prussian blue and 
a little Venetian red. 

Yellow-Green — to white add a little medium chrome green and a touch of medium 
chrome yellow, varying the yellow to obtain the desired shade. 

Soft Yellowish -Green — to white add medium chrome green, raw sienna and a trace 
of medium chrome yellow. 

Olive Green — to white add chrome yellow and lampblack. 

Nile Green — to while add Prussian blue and emerald green, about three times as 
much color as white. 

Gray-Green — to while add varying amounts of chrome yellow and chrome green, 
graying off with a very little Venetian red. 

Blue-Green — to white add Prussian blue and chrome green in varying quantities to 
produce light, medium or dark as desired. 

Pale Blue — to white add a very little Prussian blue. Deeper shades require more 
Prussian blue. 

Delft Blue — to white add cobalt blue and a touch of lampblack. 

Groy-Blue — to white add Prussian blue and lampblack. For a livelier color, replace 
the lampblack with orange chrome. 

Gray — to white add lampblack until the desired shade is obtained. 

Silver Gray — to white add a trace of lampblack and raw umber and, if preferred, 
a trace of raw sienna. 

Pearl Gray — to while add chromium oxide green and red iron oxide. 

Stone Gray — to white add raw sienna and raw umber. 

French Gray — to gray add Prussian blue. 

Stone Gray — to white add raw sienna and raw umber. 

Limestone Gray — to white add raw sienna and raw umber. 

Mauve-Gray — to white add rose lake and some cobalt blue, graying off with a trace 
of lampblack. 

Pale Lavender — to white add about three parts of ultramarine blue and one part of 
madder lake. 

Grayed Lavender — to white add ultramarine blue and madder lake, graying off with 
a little chrome yellow. 

Lilac — to white add a small amount of ultramarine blue and rose madder. 

Orchid — to white add rose pink. Wisteria and lavender, also basically violet-red. can 
be made the same way. 
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MtXING AND REDUCING FINISHING MATERIALS 

Many of the troubles and unsatisfactory results obtained with finishing mate- 
rials, particularly of the pigmented variety, can be traced to improper mixing and 
reducing. If materials are not mixed and reduced properly, differences in color, 
gloss, hiding power, film and application characteristics may be expected. 

i. Hand mixing in cans. Where hand mixing in cans must be used, the 
method illustrated and described in Figure 1 will be found effective. 



Fig. 1. Hand Mixing in cans. 

1. Pour a quarter of contents into another clean can. 

2. Loosen any settled pigment with a wide paddle. 

3. Mix thoroughly, using a lifting and beating motion. 

4. Gradually add material poured off, mixing as in step 3. 

5. Complete mixing by pouring back and forth from one can into another 
(boxing). 

2. Hand mixing in open head drums. If a mule for rotating drums or electric- 
or air-driven agitator are not available, remove head of drum and mix as described 
in Figure 2. Do not attempt to mix through the bung hole. It cannot be done. 
Use a strong paddle, four or five inches wide and two or three feet longer than the 
drum. Mixing can be facilitated by removing a quarter of the material, mixing 
thoroughly and then adding the part drawn off as suggested for mixing in cans. 

3. Mixing in drums equipped with built-in agitators. Many drums are 
equipped with built-in agitating devices. These may be operated by hand or by 
electric- or air-driven motors. 

4. Reducing finishing materials. Reducer should be added slowly and with 
vigorous stirring. When a large quantity of reducer is added, a longer time is re- 
quired to effect complete mixing. Also, separation of the material may occur. Use 
only reducers recommended by the manufacturer of the finishing material. Incor- 
rect reducer may ruin the material. 

5. Mixing of reduced material. Reduced material which has increased in 
viscosity due to loss of reducer will require further additions of reducer. Reduced 
pigmented material should be kept thoroughly stirred while in use. Otherwise, 
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Fig. 2. Mixing in open head drums. 

1. Push paddle to bottom, keeping flat side against side of drum. 

2. Pull handle backward, lifting material nearly to surface. 

3. Twist paddle to right, throwing off material. 

4. Bring paddle back edgewise to position 1. 



Fig. 3. Reducing finishing materials. 

1. Correct Method. Add reducer gradually and with constant stirring. 

2. Wrong Method, Add reducer in large quantity without stirring. 


pigment settling will produce variations in color, gloss, hiding power and film and 
application characteristics. 

6. Material in dip tanks. Reduced material in dip tanks should be stirred 
frequently while the tank is in use. When not in use, dip tanks should be kept 
covered, preferably with covers close to the surface. 

7. Test for complete mixing. Using a paddle or rod long enough to reach the 
bottom of the container, flow a few drops of material from the top and bottom of 
the container on a piece of clean glass. Incomplete mixing will be indicated by dif- 
ference in color and difference in the flow down the glass. 
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TINTING ALUMINUM FINISHING MATERIALS 


Aluminum finishing materials may be tinted with other pigments to obtain 
different metallic color effects. One of the purposes of tinting is to secure a good 
contrast between succeeding coats of aluminum finishing material in order that the 
second coat will be uniformly applied. Tinted aluminum finishing materials may 
also be employed for their decorative effect. Practically any colored pigment may 
be used for this purpose though some give more color change than others, depend- 
ing on their tinting strength. To obtain strong tints, the proportion of aluminum 
pigment may be reduced. Allowing the mixed tinted finishing material to stand 24 
to 48 hours will intensify the color and produce more uniform and consistent results. 

The tinting pigments which have been found to give the best results are as 
follows : 

Prussian Blue produces a deep blue tint (recommended for best color con- 
trast). 

Chrome Green produces a green tint. 

Chrome Yellow produces a light green tint. 

Yellow Ocher produces a light yellow tint. 

Carbon Black produces a gun-metal gray. 

Lead Carbonate produces a battleship gray. 

Spanish Iron Oxide produces a light pink tint. 

Toluidine Red produces a rose tint. 

The tinting pigments should be added to the vehicle and thoroughly incorpo- 
rated before the vehicle is mixed with the aluminum. A few experiments will give 
the exact quantities necessary to obtain the desired effect. The durability of these 
tinted aluminum finishing materials compares very favorably with untinted alum- 
inum finishing materials, provided the amount of aluminum pigment is not reduced 
more than 20 per cent. The permanency of color of these tinted aluminum finishing 
materials depends entirely on the resistance to fading of the tinting pigments. 

(Courtesy Aluminum Company of America.) 


MIXING ALUMINUM FINISHING MATERIALS 

1. Check the recommended formula for the proper proportions of vehicle and 
aluminum powder or paste. Carefully estimate the quantity of finishing material 
that will be required for the day’s work. If, for unavoidable reasons, the quantity 
prepared is not used entirely, the remainder may be mixed with fresh material in 
amounts up to ten per cent. 

2. Carefully weigh out the necessary amount of powder or paste. Do not 
measure by volume or guess at the weight. 

3. Place the weighed powder or paste in the bottom of a clean container 
large enough to accommodate the whole mix and allow room for stirring. In a 
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separate clean container measure out the exact vol- 
ume of vehicle to go with the powder or paste. 

4. Pour the vehicle over the powder or paste in 
small quantities. Never add the powder or paste to 
the vehicle. In mixing the vehicle and powder or 
paste it is important that at first the vehicle be added 
in small amounts and that each quantity be thorough- 
ly stirred before more vehicle is added. Use about ten per cent of the vehicle for 
the first addition, ten per cent for the second addition, twenty per cent for the next, 
and finally the remaining sixty per cent. 


5. Stir the completed combination thoroughly. 

6. Box by pouring from the mixing container into the vehicle container and 
back several times. 


7. As a final operation, strain through double- or triple-thickness cheesecloth 
to be certain that no unbroken lumps remain. 

During application the aluminum finishing material should be stirred but this 
stirring should be moderate and no more than is necessary to keep the metallic 
pigment in suspension. Too much agitation may tend to cause darkening and loss 
of leafing power. 


(Illustrations courtesy Aluminum Company of America.) 
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CONVERSION TABLE 

DEGREES BAUME (AMERICAN)— SPECIFIC GRAVITY 


Fori 

inishing 

: materii 

us light 

er than 

water. 

Degrees 

Baum6 

= 

— 

- 130 









Sp. Gr. 


•Be 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1.000 

0.993 

0.986 

0.979 

0.972 

0.966 

0.959 

0.952 

0.946 

0.940 

20 

0.933 

0.927 

0.921 

0.915 

0.909 

0.903 

0.897 

0.892 

0.886 

0.880 

30 

0.875 

0.870 

0.864 

0.859 

0.854 

0.848 

0.843 

0.838 

0.833 

0.826 

40 

0.824 

0.819 

0.814 

0.809 

0.804 

0.800 

0.795 

0.791 

0.786 

0.782 

50 

0.778 

0.773 

0.769 

0.765 

0.761 

0.757 

0.753 

0.749 

0.745 

0.741 

60 

0.737 

0.733 

0.729 

0.725 

0.722 

0.718 

0.714 

0.711 

0.707 

0.704 

70 

0.700 

0.696 

0.693 

0.690 

0.686 

0.683 

0.680 

0.676 

0.673 

0.670 

80 

0.667 

0.664 

0.660 

0.657 

0.654 

0.651 

0.648 

0.645 

0.642 

0.639 

90 

0.636 

0.633 

0.631 

0.628 

0.625 

0.622 

0.619 

0.617 

0.614 

0.611 
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Sp. 

Gr. 

•Be 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1.000 

1.007 

1.014 

1.021 

1.028 

1.036 

1.043 

1.051 

1.058 

1.066 

10 

1.074 

1.082 

1.090 

1.098 

1.107 

1.115 

1.124 

1.133 

1.142 

1.151 

20 

1.160 

1.169 

1.179 

1.188 

1.198 

1.208 

1.218 

1.229 

1.239 

1.250 

30 

1.261 

1.272 

1.283 

1.295 

1.306 

1.318 

1.330 

1.343 

1.355 

1.368 

40 

1.381 

1.394 

1.408 

1.422 

1.436 

1.450 

1.465 

1.480 

1.495 

1.510 

50 

1.526 

1.543 

1.559 

1.576 

1.593 

1.611 

1.629 

1.648 

1.667 

1.686 

60 

1.706 

1.726 

1.747 

1.768 

1.790 

1.812 

1.835 

1.859 

1.883 

1.908 


STORING AND HANDLING FINISHING MATERIALS 

1. Use Old Shipments of Finishing Materiols First 

Finishing materials may deteriorate on long storage. Date all containers of 
finishing materials* on delivery and do not draw from a new shipment until all 
previous lots have been used. 

2. Store Finishing Materials Properly 

Extremes of heat or cold may harm finishing materials. Maintain a tempera- 
ture of at least 60 '^F. in paint storage rooms but do not expose materials to the 
direct heat of steam radiators, etc. Do not store finishing materials outside. Al- 
low all finishing materials to come to room temperature before using. 

3. Mix Finishing Materials Thoroughly Before Thinning 

Incomplete mixing is often the cause of finish troubles such as streaky color, 
poor adhesion, variable gloss, poor hiding, etc. Mix all finishing materials thor- 
oughly before adding thinners, especially pigmented materials in which settling 
may have occurred. 

4. Thin Finishing Materiols Properly 

Many finishing difficulties arise from the use of improper thinners or from 
adding thinners incorrectly. In all cases use the thinner recommended by the 
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manufacturer of the finishing material. Add thinners slowly and in small amounts, 
making certain that each addition is stirred in thoroughly. 

5. Do Not Waste Finishing Materials or Thinners 

To waste finishing materials or thinnert ts to waste valuable resins, pigments, 
solvents, etc. Prepare only enough material for one day’s use. Do not spill finish- 
ing materials. Cover all containers tightly when not in use to prevent skinning 
and evaporation of volatile solvents. Completely empty all containers. 

6. Maintoin Good Housekeeping 

A dirty shop is neither pleasant, efficient nor safe. Clean up all spilled mate- 
rial. Keep equipment clean and in good operating order. Employ scrap cans. 
Keep work arranged in orderly fashion. 


CARE AND MAINTENANCE OF SPRAYING EQUIPMENT 

Spray guns and spraying equipment are precision made tools. Handle and 
care for them accordingly. 


Clean spray gun at end of each day’s use. 


Do not immerse spray gun completely in thinner. To do so dries out packingf 
and removes lubrication. 


Caustic paint removers attack metals and should not be used. 


Clean air cap by immersing in thinner. Use a soft wood stick or broom 
straw if holes become slogged. Do not injure gun by using metal pins or wire. 


Unnecessarjf roughness or careless dropping may cause spray gun to become 
permanently misaligned. Handle with care, hanging the gun up on a proper hook 
when not spraying. 


Lubricate gun regularly as recommended by the manufacturer. 


Have on hand parts list and replacements. Return gun to manufacturer for 
all major repairs. 


Do not dismantle gun (except for cleaning air cap) unless absolutely neces- 
sary. 


Coil hoses up when not in use. 


Avoid dragging hose through oil, grease and dirt. 
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Don^t use hoses as rope to pull equipment around. 

Don’t use material hose as an air hose or vice versa. 

Release tension on transformer mechanism when idle by turning out adjusting 
screw or adjusting knob. 

Drain moisture from transformer daily. Replace filter packs regularly. 

Keep transformer clean. 

V 

Drain air receiver of compressor daily. 

Remove paint and dirt accumulation around compressor which reduces effi- 
ciency and may do harm to belts and electrical equipment. 

Place compressor where it gets fresh air and keep air strainers clean. 

Keep the interior of pressure feed tanks and cups and suction cups clean. 
Dried paint particles and skins left in tank may cause clogging of spray gun. 

Release tension on regulator of pressure feed tank by turning adjusting screw 
out when not in use. 

Damaged or leaky valves in pressure feed tanks and cups should be replaced 
to eliminate loss of material or air and do away with the hazard involved. 


Keep the vent open at all limes (suction feed). 


Avoid hard knocks which cause denting and damaging of cups and tanks. 


Keep spray booths clean. Paint accumulations do not contribute to good fin- 
ishes and present fire hazards. 

Keep spray booths free of paint pails, jigs, etc. which interfere with smooth 
movement of work in and out of booth. 


Clean spray booth fan and lubricate bearings regularly (unless bearings are 
grease sealed type). 
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DRUM VOLUME CHART 


The following drum volume chart will be found useful for quickly and easily 
determining the approximate contents of 55 gallon (34%" x 24") drums contain- 
ing finishing materials, thinners, etc. - 

Any suitable measuring stick marked in inches, such as an ordinary yardstick, 
may be used. The measuring stick is inserted into the drum through the top 
opening (if the drum is in the vertical position) or through the side opening (if 
the drum is horizontal) with the one inch graduation down. Care must be taken 
that the stick is straight, that it is held vertically and that it touches the bottom 
of the drum before being withdrawn. On withdrawal, the depth in inches on the 
stick is noted and reference to the chart will show the approximate number of gal- 
lons of liquid in the drum. 



DEPTH - INCHES 
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SPRAY GUN FLUID PRESSURE CONVERSION CHART 

The following fluid pressure to gravity bucket height conversion chart will be 
found useful in determining the height to which a gravity material feed bucket must 
be raised to approximate a given fluid pressure. 

To make the conversion using the chart, a horizontal line is drawn from the 
fluid pressure scale at the pressure it is desired to approximate. A vertical line is 
drawn from the specific gravity scale at the value of the specific gravity of the 
material to be sprayed. The intersection of th^se two lines will fall on or near one 
of the sloping lines which give the approximate height (from the surface of the 
material in the bucket to the spray gun nozzle). 

For example, to approximate a fluid pressure of 5 pounds per square inch with 
a finishing material having a specific gravity of 0.82, it is necessary to raise the 
bucket to a height of approximately 14 feet. 



0.5 0.6 0.7 OA 03 1.0 l.l I.Z 13 1.4 1.5 1.6 1.7 I.B 

Specific Grdvity 
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PRESSURE LOSS IN SPRAY GUN AIR HOSES 

Air pressure loss in spray gun air hoses is the difference between the air pres- 
sure at the gun and at the point where the air hose connects with the air line. 
The following table shows air pressures at the gun (assuming 12 cubic feet per 
minute consumption at 60 pounds per square inch) compared with air pressures 


at the point of connection with the air 
sizes of hose. 


Line Pressure 



(Ib./sq. in.) 

5' 

10' 

40 

34.00 

32.00 

50 

42.50 

40.00 

60 

51.00 

47,50 

70 

59.25 

55.50 

80 

67.75 

63.50 

90 

76.00 

71.25 

40 

37.75 

37.25 

50 

47.00 

46.50 

60 

56.25 

55.50 

70 

65.50 

64.75 

80 

74.00 

73.75 

90 

83.00 

82.50 


for various lengths of two common 


Pressure at Gun 
(Ib./sq. in.) 


15' 

20' 

25' 

50' 

30.50 

29.00 

27.75 

16.00 

38.00 

36.00 

34.00 

22.00 

45.50 

43.25 

41.00 

29.00 

53.00 

50.50 

47.50 

36.00 

60.50 

57.50 

54.50 

43.00 

68.00 

64.75 

61.00 

60.50 

36.75 

36.50 

36.00 

31.50 

46.00 

45.50 

45.00 

40.00 

55.00 

54.50 

54.00 

48.50 

64.00 

63.25 

62.75 

57.00 

73.00 

72.00 

71.25 

65.50 

81.50 

80.50 

79.50 

74.00 


RCIDPROOF & UJflTERPROOF 
FLOORIRG 

TANK LININGS & COATINGS 
SPARK PROOF FLOORS 


APPROVED CONTRACTORS; 


Barber Asphalt Co. 
United Chromium Co. 


CUNNINSHAM ASPHALT CONSTRUCTION CO., Inc. 

INDUSTRIAL FLOORING ENGINEERS & CONTRACTORS 

441 LEXINGTON AVENUE NEW YORK 17, N. Y. 

Murray HUl 2-8778-9 

Over 1 ,000,000 Feet laid in Ordnance Plants for U. S. Army b Navy 

~ 35 Years Active Experience <«•' 


247 



SPRAY FINISHING PROBLEMS 

Causes and Corrections 

The successful application of sprayed coatings depends on handling technique 
and proper adjustment and maintenance of spraying equipment. Various spraying 
troubles and their causes are given below. 

1. Fluid leakage from needle packing nut. 

a. Loose nut. 

2. Fluid leakage from front of gun. 

a. Dry packing. 

b. Needle not seating. 

c. Worn tip. 

d. Dirt on tip. 

e. Broken needle spring. 

f. Packing nut too tight. 

3. Air leakage. 

a. Air valve not seating. 

b. Dirt on valve or seat. 

c. Worn valve or seat. 

d. Broken spring. 

e. Sticking valve stem. 

f. Tight packing nut. 

4. Jerky or fluttering spray. 

a. Air leakage into fluid line. 

b. Insufficient material in container. 

c. Container tipped at acute angle. 

5. Heavy top pattern. 

a. Horn holes partially plugged. 

b. Obstruction on top of fluid tip. 

c. Dirt or dry paint on air cap seat or fluid cap seat. 

6. Heavy bottom pattern. 

a. Horn holes partially plugged. 

b. Obstruction on bottom side of fluid tip. 

c. Dirt or dry paint on air cap seat or fluid cap seat. 

7. Heavy right side pattern. 

a. Right side of horn holes partially plugged. 

b. Dirt on right side of fluid tip. 

c. Right jet clogged (twin jet cap). 

8. Heavy left side pattern. 

a. Left side of horn holes plugged. 

b. Dirt or dry paint on left side of fluid tip. 

c. Left jet clogged (twin jet cap). 

9. Heavy center pattern. 

a. Low setting of spreader adjustment valve. 

b. Low atomizing pressure or high material viscosity (twin jet cap) . 

10. Split spray pattern. 

a. Air and fluid improperly balanced. Reduce width of spray pattern or 
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increase fluid pressure. Increasing fluid pressure requires increased speed 
of handling. 

11. Orange peel finish. 

a. A common cause is improper thinner. A slow evaporating thinner usually 
eliminates this fault. 

12. Streaks in finish. 

a. Tipping gun. One side of pattern hits surface from shorter distance causing 
more material to be applied at this point. 

b. Air cap or fluid tip may be dirty or burred causing heavy top or bottom 
pattern. 

c. Split spray causing heaviness at top and bottom of pattern. Reduce width 
of spray or increase fluid pressure. 

13. Runs and sags. 

a. Too much material. Reduce fluid pressure or increase operating speed. 

b. Gun tilted at angle. More material is supplied where pattern is closest to 
surface. 

c. Excessive thinning of material or too slow evaporating thinner. 

14. Mist or fog. 

a. Over atomization due to: 

1. Too high air pressure. 

2. Wrong air cap for material being sprayed. 

3. Wrong fluid tip for material being sprayed. 

4. Fluid pressure too low (pressure feed). 

b. Improper use of gun due to: 

1. Incorrect stroking. 

2. Gun too far from surface. 

15. Other finishing troubles due to: 

a. Insufficient atomization. 

b. Material not thoroughly dissolved or agitated. 

c. Drafts in finishing room. 

d. High humidity. 


TESTING SPRAY PATTERNS 



Spray tmi* rattirn 

FOR 3 TO ft SftCONPS 
— ^TMiW Oft*ERvE TMt 

saotmat forms. 


CoatlECT Pattern; 

— RKRT»CtES EVENLY 
DISTRIBUTED. 

~ NO LARCe PART- 
ICLES ON FRlNOe OP 

pattern. 


Split Spray: 

—Too MUCH AIR TO 
OUTSIDE PORTS. 

-materialtoothim 

FOR AIRCAP,ORTOO 
mCH AIR PRESSURE 


Heavy Center: 

—Insufficient air 
T o OUTSIDE PORTS 
—TOO MUCH MATER- 
IAL FLOW. 

-TOO LDWAIR PUMA 

SURE. 


Heavy End: 

— CAUSEP 0Y DIS- 
TORTED AIRSTRE^ 
BY DIRTY AIR CAP 
OR BY DIRTY fluid 
TIP. 


( Courtesy Westinghouse Electric & Mfg. Co.) 
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COMPRESSED AIR SYSTEM FOR SPRAY GUNS 



Compressor Unit 


The above diagram illustrates a proper arrangement for a compressed air 
system for spray guns. It is poor practice to mount the oil and water extractor on 
or even near the compressor. The temperature of the air is greatly increased as 
it passes through the compressor and if the air is still warm when it passes through 
the extractor the moisture in it will not be removed effectively with the result that, 
as the air cools in the hose beyond the extractor, it will condense and cause a 
faulty finish. The extractor should be mounted at least 25 feet from the compressor. 

Air lines should be pitched back toward the compressor so that condensed 
moisture will flow back into the air receiver where it can be removed through a 
drain cock. Every low point in the air line acts as a water trap and each such 
point should be fitted with a drain cock. 

{Illustration courtesy Binks Manufacturing Co.) 


SPRAY OPERATOR EVALUATION 

1. TIME UTILIZATION FACTOR 

Time utilization factor is the ratio of the amount of finishing material actually 
sprayed to the amount which could be sprayed in the same time with the gun in 
continuous operation. It is expressed by the equation: 

Eq. 1 

Wa 

Tu = 

Wp 

Tu — time utilization factor 

Wa — finishing material actually sprayed per hour » pounds 
Wp — finishing material possible per hour - pounds 
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Example 


An operator sprays 6.0 pounds of lacquer per hour (Wa). At the adjustment 
used, the gun in continuous operation could deliver 10.0 pounds of lacquer per 
hour (Wp). 

Substituting these data in Equation 1, the time utilization factor is: 

6.0 

Tu = = 0.6 

10.0 

That is, the operator is spraying 60% of the time. During 40% of the time the 
gun is not functioning. 


2. MATERIAL UTILIZATION FACTOR 

Material utilization factor is the ratio of the amount of finishing material ac- 
tually applied to the amount sprayed. It is expressed by the following equation: 

Eq. 2 

(W) (N) 

Mu = (100) 

(Wa) (Ps) 

Mu — material utilization factor 

W — cured finishing material on average piece - pounds 
N — number of pieces finished per hour 
Wa — (as above) 

Ps-— per cent by weight of non-volatile solids in finishing material 
100 — constant 


Example 

A spray operator finishes 450 pieces per hour (N), using 6.0 pounds of lacquer 
(Wa). The lacquer contains 25.0% by weight of non-volatile solids (Ps). After 
drying, the lacquer on the average piece was found to weigh 0.0012 pounds (W). 
{Note. Find (W) by weighing piece before finishing and after finish is applied 
and cured.) 

Substituting these data in Equation 2, the material utilization factor is: 

(0.0012) (450) 

Mu = (100) = 0.36 

(6.0) (25.0) 

That is, of the material sprayed, 36% is useful while the remainder is lost in over- 
spray. 


3. PRODUCTIVITY FACTOR 

Productivity factor is the ratio of the number of pieces actually finished to the 
number which could be finished in the same time if the gun were in continuous 
operation and there were no overspray losses, etc. It is the product of the time 
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utilization factor and the material utilization factor and is expressed by the follow- 
ing equations: 

Eq. 3 

P = (Tu) (Mu) 


Eq. 4 

(W) (N) 

or, P = (100) 

(Wp) (Ps) 

p — productivity factor 
(other factors as above) 

Exomple 

Taking data from the above examples and substituting in Equations 3 and 4, 
the productivity factor is: 

P = (0.6) (0.36) = 0.216 
(0.0012) (450) 

or, P = (100) = 0.216 

(10.0) (25.0) 

That is, the operator is producing 21.6% of the number of pieces theoretically 
possible. 

{Note. In Equation 4 the quantity (Wa) does not appear and it is not neces- 
sary to make measurements of the amount of finishing material sprayed by the 
operator.) 


PREVENTING LACQUER BLUSH 

It is possible to select solvents and combine them in a lacquer to give excellent 
resistance to blushing even under the worst conditions of temperature and humid- 
ity. However, there may be distinct disadvantages in using such materials. The 
cost may be too high. More important, there may be a sacrifice of working and 
drying properties of the lacquer. It is usually better, therefore, to approach the 
problem of moisture blush through control in the finishing room. 

The ideal procedure for moisture blush control is the complete air conditioning 
of the room where lacquers are applied. This, of course, involves an expense 
which is not usually warranted since blushing occurs only during a few months of 
the year, usually the warm and humid summer months. If air conditioning is not 
feasible, there are protective measures which can be taken. Given below are a 
number of suggestions for preventing and remedying blushing. 

1. Warm the room in order to reduce the relative humidity of the air. 

2. Eliminate all draughts in the vicinity of the work by closing doors and 
windows and, if necessary, by hanging draught curtains. Movement of air across 
the wet film will cause faster evaporation of the solvents and have a greater cooling 
effect, 

3. Warm the work either before or after application of the lacquer. If the 
work is warmed in an oven after finishing, turn off the blower. In this connection 
it will be found that large heavy work will not blush as easily as light small 
pieces. The larger pieces do not lose heat as rapidly as do small pieces and con- 
sequently cooling is not as rapid. 

4. Use a lacquer retarder — a solvent of such properties that some remains in 
the film until after the temperature has risen above the dew point and any moisture 
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which has condensed on the film has evaporated. Depending on the severity of 
conditions, lacquer retarder is used in concentrations of from five to thirty per cent 
by volume of the thinner lacquer. 

5. Bring all lacquer to room temperature before beginning application. Keep 
all containers tightly closed. 

6. Regularly drain all condensed moisture from air supply lines leading to 
spray guns. 


BLUSHING CHART 


The following chart shows a typical blush curve for a representative lacquer 



60 70 80 90 100 110 . 

Temperature (Dry Bulb) - °P. 
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of good blush resisting characteristics. Any condition of temperature and relative 
humidity within the area above the curve will produce blushing. Blushing will 
not occur under conditions below the curve. 

Several temperature and relative humidity readings daily over a period of 
time, along with notations of the current behavior of the film, will provide data 
which will permit plotting an exact curve of blush probability for a lacquer applied 
in a particular finishing department. 


RELATIVE HUMIDITY TABLE 

Difference — ®F. 

(Dry Bulb Temp. — Wet Bulb Temp.) 



0® 

2® 

4® 

6® 

8® 

10® 

12® 

14® 

16® 

18® 

20 

60 

100 

89 

78 

68 

58 

48 

39 

30 

21 

13 

5 

62 

100 

89 

79 

69 

59 

50 

41 

32 

24 

16 

8 

64 

100 

89 

79 

70 

60 

51 

43 

35 

26 

19 

11 

66 
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90 

80 

71 

61 

53 

44 

37 

29 

21 

15 

68 
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90 

81 

71 

63 

54 

46 

38 

31 

24 

16 
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90 

81 

72 

64 

56 

47 

40 

33 

25 

19 
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52 
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38 
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46 

40 

33 
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83 
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61 

54 

47 

41 

35 
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92 
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76 

69 
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55 

49 

43 ■ 

36 

30 

fiB 84 

100 
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84 
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44 

37 

32 
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85 
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70 

63 

57 

51 

45 

39 

33 
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58 
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47 

41 
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90 
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92 

85 

77 

71 

65 

59 

53 

47 

42 

3o 

92 
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92 

85 

78 

72 

65 

59 

54 

49 

44 

39 

94 

100 

93 

85 

79 

72 

66 

60 

54 

50 

45 

40 

96 

100 

93 

86 

79 

73 

67 

61 

55 

50 

46 

41 

98 
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93 

86 

79 

73 

67 

61 

56 

50 

46 

42 

100 

100 

93 

86 

80 

73 

68 

62 

. 56 

51 

46 

42 


NUMERICAL RATING OF ORGANIC FINISH QUALITY 

The following* is a method for comparing the quality of two or more organic 
finishes on a numerical basis. The method is used for the selection of the best 
available finish for any particular application. 

Step 1. Select those properties which are necessary for satisfactory field per- 
formance of the finish. For example, a piece of equipment may require a finish 
having alkali resistance, hardness, humidity resistance, gloss retention, discoloration 
resistance and oil resistance. 

Step 2. Assign to each property selected, a percentage value relative to the 
other properties which will insure proper field performance of the finish as a 
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whole. For example, the properties chosen above may be given the following 
values. 


PERCENTAGE 
RELATIVE VALUE 

35 

25 

15 

- 10 

- 10 

.. 5 

100 % 

Step 3. Test the finish under consideration for each property and evaluate 
each property on the following scale: 

TEST RATING 


Very poor 0 

Poor 2 

Fair 4 

Good 6 

Very good 8 

Excellent 10 


Step 4. Multiply the percentage relative value of each property by its test 
rating. This gives the final value in “points” for each property. The sum or 
such points of all of the properties is the final numerical value of the finish. The 
best possible score would, of course, be 1000 points if each property selected on* 
tained a rating of excellent in test. * 

A typical set of data is given below: 

PERCENTAGE 


PROPERTY RELATIVE 

VALUE 

TEST RATING 

POINTS 

Alkali resistance 

.. 35 

X 

8 = 

280 

Hardness 

.. 25 

X 

4 = 

100 

Humidity resistance 

. 15 

X 

6 = 

90 

Gloss retention 

. 10 

X 

6 =: 

60 

Discoloration resistance .. 

.. 10 

X 

2 = 

20 

Oil resistance 

. 5 

X 

8 = 

40 


Total 590 

Final Numerical Value; 590 points. 


PROPERTY 

Alkali resistance 

Hardness * 

Humidity resistance ..... 

Gloss retention — 

Discoloration resistance 
Oil resistance 
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LIGHT REFLECTION VALUES OF PAINT COLORS 

The following light reflection values of paint colors, selected for their adapt- 
ability to industrial use, were obtained on a photometer in which the light falls on 
the sample normally and is reflected at forty-five degrees. This method measures 
essentiaUy the diffused reflection from a surface as distinguished from glare or 
mirrorlike reflection. 


White 84.0 

Cream 68.8 

Ivory 66.7 

Light Pink * 66.5 

Yellow 57.0 

Flesh 51.6 

Buff - 51.5 

Light Gray 51.5 

Light Green 45.2 

Aluminum Gray 41.0 

Light Blue 36.4 

Sage Green 36.3 

Brown 27.5 

Dark Red 13.8 

Dark Green 9.2 

Dark Blue - - — . 8.4 


( Courtesy The New Jersey Zinc Company.) 


LUMINESCENT FINISHING MATERIALS 

^ Terms anil Definitions 

The expanding use of luminescent finishing materials in business, industrial 
and home applications has brought to the finishing industry a new nomenclature 
which must be known and understood for efficient use and handling of these 
materials. Given below are the important terms and definitions. 

1. Light Source. Any object, surface or substance which emits light is 
known as a light source. An electric light bulb in use, for example, is a light 
source. The sun, of course, is the most widely used light source. Luminescent 
finishing materials, therefore, are light sources since they emit light. 

2. Incandescence. The emission of light as the result of intense heat. 
A tungsten filament lamp bulb, such as is used in most electric lighting systems, 
is an example of incandescent light. 

3. Luminescence. The emission of light not due to incandescence. A 

luminescent light is a “cold” light. Luminescent finishing materials, therefore, 
emit “cold” light. , 

4. Fluorescence. The emission of luminescent light only during the time 
the luminescent finishing material is exposed to an exciting light source. 

5. Phosphorescence. The emission of luminescent light continuing for a 
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time after the exciting light has been extinguished. “Afterglow” is a term often 
used for phosphorescence. 

6. Wavelength. Light or radiant energy travels with a wave-like motion. 
The wavelength is the distance from the crest of one wave to the crest of the 
next wave. 

7. Ultraviolet Light. Radiant energy of shorter wave length than visible 
light. 

8. Near-Ultroviolet Light. That portion of ultraviolet light nearest the 
visible portion of the spectrum. It contains sorrie visible light of the shortest 
wave length. 

9. "Black" Light. The popular name for near-ultraviolet light, so called 
because the major portion of the energy is invisible to the eye. 

10. Exciting Light. Any light that will induce luminescence in responsive 
materials. Thus, “black” light is an exciting light. It is also called an “activat- 
ing” light. 

11. Angstrom Unitb A unit of length used to express the wave length of 
light. Its symbol is A. U. One Angstrom unit is 0.00000001 centimeter or 
0.000000004 inch (approx.). The wave lengths of visible light range from 3900 
Angstrom units to 7700 Angstrom units. Ultraviolet wave lengths measure from 
about 150 to 3900 Angstrom units. Infra-red wave lengths run upwards from 
7700 Angstrom units. 

12. Millimicron. Another unit of length sometimes used in place of the 
Angstrom. One millimicron equals 10 Angstrom units or one-thousandth of a 
micron. 

13. Brightness Level. The term which is used to designate the intensity 
or brightness of light seen with the eye. The brightness level outdoors in bright 
ssunlight is probably 500,000 times higher than that of full moonlight. 

14. High Brightness Level. Brightness that is sufficiently high for normal 
daylight vision. 

15. Low Brightness Level. Level insufficient for normal vision as, for ex- 
ample, bright starlight. 

16. Footcandle. Unit used to measure the intensity of light. The brilliance 
of one footcandle may be visualized by holding a piece of white paper one foot 
away from the light of an ordinary candle or four feet from a 25-watt lamp. 
The sun on a clear day at noon produces a brightness level of about 10,000 foot- 
candles. 

17. Microlambert. Another unit lor measuring the intensity of light, used 
principally to express low intensities. One footcandle equals 1076 microlam- 
berts. The brightness of luminescent finishing materials is usually measured in 
microlamberts. 



FINISHING MATERIAL COSTS 

1. MILEAGE PER GALLON 

(W) (Ps) 

M=: 

(Dc) (Tc) (519) 

M — mileage per reduced (ready to apply) gallon of finishing material — square feet 

W — weight per gallon of reduced finishing material — pounds 

This datum is most easily obtained with an hydrometer. The specific gravity 
reading multiplied by 8.33 gives the weight per gallon in pounds. 

Ps — per cent by weight of non-volatile solids in reduced finishing material 

Carefully weigh a small sample of the reduced finishing material into a tared 
weighing dish and dry to constant weight at about 100“ F. The weight of the 
dried sample divided by the weight of the original sample and multiplied by 
100 gives the per cent by weight of non-volatile solids. 

Dc — density of the cured film of finishing material 

Accurately weigh and measure the area and thickness of a clean, flat panel. 
Apply a uniform coat of the finishing material to one side of the panel and, 
in the case of a baking material, bake for the regular schedule, or, in the case 
of an air drying material, dry to constant weight. Accurately weigh and meas- 
ure the thickness of the finished panel. 

The density of the cured film from the following equation : 

(w) 

Dc = 

(a) (t) (16.39) • 

w — weight of cured film (by difference) — grams 
a — area of panel — square inches 
t — thickness of cured film (by difference) — finches 
16.39 — constant 

Tc — thickness of cured film of finishing material which is acceptable for protec- 
tion and/or decoration — inches 
519 — constant 

2. COST PER GALLON 

(Pt) (Ct) + (100-Pt) (Cp) 

c = 

100 

C — cost per reduced gallon of finishing material — dollars 

Pt — per cent by volume of added reducer in reduced finishing material 

Ct — cost per gallon of reducer — dollars 

Cp — cost per gallon of unreduced finishing material — dollars 

Example 

An organic finishing material costing $2.00 per gallon (Cp) required a 20.00 
per cent by volume reduction (Pt) with a reducer costing $0.85 per gallon (Ct). 
In this reduced form the material weighed 6.5 pounds per gallon (W) and con- 
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tained 35.0 per cent by weight of non-volatile solids (Ps). The cured film thick- 
ness acceptable for protection and decoration was 0.0013 inches (Tc). 

A uniform coat of the reduced finishing material was applied to a clean, flat 
panel measuring 48 square inches in area (a). The coated panel was then cured. 
The bare panel measured 0.0469 inches in thickness and weighed 230.15 grams. 
The finished panel measured 0.0521 inches in thickness and weighed 234.33 grams. 

Substituting the above data in the given equations: 

(234.33-230.15) 

Dc = = 1.025 

(48) (0.0521-0.0469) (16.39) 

(6.5) (35.0) 

M — ~ 329 sq. ft. /gal. 

(1.025) (0.0013) (519) 

(20.0) (0.85) + (100-20.0) (2.00) 

C = = J|1.77/gal. 

100 

Whence, the material cost per square foot finished = 

C 1.77 

z:. $0.00538 

M 329 

The final calculated material cost per square foot finished, as obtained above, 
is an absolute figure and does not account for overspray losses, uneven films, etc. 
It is based on 100% utilization, that is, no material waste and the application of an 
absolutely uniform film. However, the relative costs of two finishing materials may 
be obtained from a comparison of the calculated costs. For example, if the cal- 
culated cost of material A is $0.0080 per square foot finished and that of material 
B is $0.0040, then material A is twice as expensive as material B. 

Furthermore, if the actual cost and the calculated cost of a material are both 
known, then the actual cost of any other material whose cost has been calculated 
is indicated by direct ratio. For example, if the actual cost of material A above 
is $0.0120 per square foot finished, then the actual cost of material B will be 
$0.0060 per square foot finished. In this manner the actual cost for any finishing 
material may be obtained without the necessity for conducting time-consuming 
production tests. 
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THICKNESS OF WET FILMS 


In some instances the thickness of wet films cannot be measured conveniently. 
Wet film thickness can, however, be calculated from the following equation: 

(833) (Dc) 

Tw = TC 

(Ps) (W) 

Tw — thickness of wet film — inches 
Tc — thickness of cured film — inches 
833— constant 
Dc — density of cured film 

Ps — per cent by weight of non-volatile solids in finishing material 
W — weight per gallon of finishing materials — pounds 

Exomple 

A finishing material weighing 10.0 pounds per gallon (W) contains 60.0 per 
cent by weight of non-volatile solids (Ps). After application and curing, the film 
is found to measure 0.00150 inches in thickness (Tc) and have a density of 1.80 
(Dc). 

Substituting these data in the above equation, the thickness of the wet film is: 

(833) (1.80) 

Tw = (0.00150) = 0.00375 in. 

(60.0) (10.0) 


WEIGHT PER GALLON AND PER CENT SOLIDS 
OF REDUCED FINISHING MATERIALS 

It is possible to obtain the weight per gallon and per cent solids content of 
reduced finishing materials, in many cases with good accuracy, without actual anal- 
yses by the use of the following equations. It is assumed that there is no gain or 
loss in volume on the addition of reducer to finishing material. 

The weight per gallon of reduced finishing materials is calculated from the fol- 
lowing equation : 

Eq. 1. 

(100 — X) (X) 

Wx = (Wu) -f (Wr) 

100 100 

The per cent by weight of non-volatile solids of reduced finishing materials is 
calculated from the following equation: 

Eq. 2. 

(100 — X) (Pu) 

(Wu) 

100 100 

Px = (100) 

(Wx) 

Wx — ^weight per gallon of reduced finishing material at (X) per cent by volume 
concentration of reducer — pounds 
X — per cent by volume of reducer in reduced finishing material 
Wu — ^weight per gallon of unreduced finishing material — pounds 
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Wr — ^weight per gallon of reducer — ^pounds 

Px — per cent by weight of solids in reduced finishing material at (X) per cent by 
volume concentration of reducer 

Pu — per cent by weight of solids in unreduced finishing material 

Example 

An unreduced finishing material weighs 10.0 pounds per gallon (Wu) and con- 
tains 60.0 per cent by weight of solids (Pu). Reducer weighing 8.0 pounds per 
gallon (Wr) is added to the extent of 20.0 per cent by volume of the reduced 
material, i.e., one to four reduction (X). 

Substituting these data in Equations 1 and 2, 

(100 — 20 . 0 ) 20.0 

Wx = (10.0) (8.0) = 9.61bs./gal. 

100 100 

(100 — 20.0) (60.0) 

( 10 . 0 ) 

100 100 

and, Px = (100) = 50.0% 

(9.6) 


FOR 

sii |i. . . . US 

■ HOUGHTO - BLACK 


• HOUGHTO-BLACK provides a controlled, uniform protective 
surface oxidation on steel parts; which serves to beautify and to 
protect against rust under mild conditions. HOUGHTO-BLACK 
offers these advantages: 

• Provides uniform matchable shade . . . increases product sale- 
ability . . . serves as a bond for paint or lacquer . . . helps to 
prevent rupture of lubricating oil film ... is applied at low tem- 
perature . . . retains original dimensions of work . . . requires 
no complex apparatus . . . keeps finishing costs low. 

• Write for leaflet and prices, or call the Houghton Man, 


E. F. HOUGHTON & CO., Phila. 33, Pa. 

OFFICES IN ALL PRINCIPAL CITIES 
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PAINT MILEAGE CHART 


Using the data set forth in the lower 
left hand corner of the chart, for ex- 
ample, the mileage is found as follows: 

(1) Draw a straight line connecting 
the values of Dc (1.65) and Ps (35.0). 
This line will intersect the sloping line 
located to the left of the vertical 
center line. 

(2) From the value of W (6.5) ex- 


tend a straight line through the inter- 
section obtained in Step (1) until it 
intersects the vertical center line. 

(3) Draw a straight line connecting 
the value of Tc (0.0013) and the inter- 
section obtained in Step (2). This line 
will intersect the mileage scale at the 
mileage value of M (204 square feet 
per gallon) for the material under con- 
sideration. 
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OVENS FOR BAKING FINISHING MATERIALS 


I'lie most common types of ovens for baking finishing materials are illustrated 
and described below. The type to be selected depends on the physical characteris- 
tics of the objects to be baked, production requirements, conditions to be main- 
tained in the oven and available building space. 



1 2 3 



A. Batch Type 

1. Trucks 

2. Trays on trucks 

3. Trays on shelves 

B. Floor Pusher Conveyor Type 

1. Continuous 

2. Intermittent 

C. Overhead Trolley Type 

Pieces may be hung on chain 
hooks or on trays carried by 
chain. Multiple passes may be 
used. May be tied in with other 
operations. Not limited to hori- 
zontal or vertical planes. 

D. Overhead Cross-Bar Conveyor 

Type 

Pieces suspended from cross-bars 
by hooks. Limited to one plane 
but may be arranged in vertical 
or horizontal passes, single or 
multiple. 

E. Supporting Conveyor Type 

Cross-bars, wire mesh screen, sol- 
id belt, wires or tapes. 
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F. Finger Bar Conveyor Type 




Metal sheets, etc. carried on edge 
by finger bars supported on 
chains. 


G. Strip Conveyor Type 

Horizontal or vertical passes, sin- 
gle or multiple. Includes festoon 
racks, arched pass, series of heat- 
ed drums, skeleton wheels. (Hori- 
zontal and vertical passes illus- 
trated.) 

Vertical Posses 

(Courtesy J. O. Hoss Engineering Co.) 

HEAT COST COMPARISON CHART FOR BAKING 
AND DRYING OPERATIONS 


THOUSAND BTU S FOR I CENT 



(Courtesy J. O. I^oss Engineering Corp.) 

Example 

For Electricity at 2c per kw, locate line opposite 2c on right-hand side of chart. 
Follow this horizontal line to left until it intersects “Electricity” curve, then follow 
vertically to Top line at point reading 1.6 or 1,600 BTU’s for one cent. 

For oil, use same right-hand figures for cents per gallon. 

For natural or manufactured gases, use figures at left-hand side of chart for 
cents per cubic foot and corresponding curves to determine BTU’s obtainable for 
one cent. 
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FINISHING LIBRARY 


The following list of books on organic finishing, finishes and finishing ma- 
terials has been selected as those most useful to finishers, finishing executives, 
engineers, chemists, purchasing agents and others who have need for information 
on finishing materials, methods, metal cleaning and preparation, testing and 
evaluation, etc. 

The list will be changed in succeeding issues of the ORGANIC FINISHING 
HANDBOOK as new books are published or the older ones revised. Suggestions 
for additions to the list will be welcomed. Books may be obtained from the pub- 
lishers of the ORGANIC FINISHING HANDBOOK who will send information 
on prices, etc. on request. 

MODERN ORGANIC FINISHES. By Rollin H. Wampler. 

The latest book on organic finishing. It is a useful handbook on modern 
finishing materials, application, drying and baking methods, conveyorization, 
surface preparation and testing. 

SPRAY PAINTING, INDUSTRIAL & COMMERCIAL. By Frederick M. 
Crewdson. 

A practical spraying book useful to both apprentice and experienced finisher. 
Contains information on conventional as well as specially finishes and finishing. 

SILK SCREEN METHODS OF REPRODUCTION. By Bert Zahn. 

Covers the why, what and how of silk screen work -uses and applications, 

materials, equipment, methods, costs and estimates. 

AIRCRAFT ENGINE & METAL FINISHES. By Myron A. Coler. 

Thorough and to-the-point descriptions and discussions of metal finishing 
practices, applicable to all metal finishing operations. A feature is the “Examples” 
drawn from actual practical experience. 

PROTECTIVE COATINGS FOR METALS. By Burns & Schuh. 

One of the best books ever published on metal finishing covering the broad 
subject of technical information on corrosion and corrosion protection. 

LACQUER & SYNTHETIC ENAMEL FINISHES. By Ray C. Martin. 

Fundamental and practical data on natural and synthetic raw materials and 
the finishes made from them, along with methods of manufacture, application and 
testing. 

ALUMINUM PAINT & POWDER. By Junius D. Edwards. 

The only authoritative book devoted exclusively to aluminum powder and 
paste and aluminum finishing materials. Written by the outstanding expert on the 
subject. 

PROTECTIVE & DECORATIVE COATINGS. By J. J. Mattiello. 

This series provides the best single source of technical information on organic 
finishing materials, their ingredients, the chemistry of finishes, etc. The various 
volumes contain all the answers to what finishes are and how they work. 
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imUSTRIAL SOLVENTS. By Ibert Mellan. 

The most complete book on the physical and chemical characteristics, proper- 
ties, uses, etc. of solvents used in the finishing industry. Contains an excellent 
discussion on solution and each chapter has a useful bibliography. 

THE NATIONAL PAINT DICTIONARY. By Jeffrey R. Stewart. 

A most useful reference work containing definitions of finishing terms, perti- 
nent information on names of chemicals, raw materials, methods of analysis, 
equipment and apparatus employed in the finishing industry. 

PHYSICAL & CHEMICAL EXAMINATION OF PAINTS, VARNISHES, 
LACQUERS AND COLORS. By H. A. Gardner. 

The “bible” of testing finishes and finishing materials and testing equipment, 
this book describes and illustrates test procedures and instruments for everything 
from raw materials to finish films. 

MIJNSELL ROOK OF COLOR. (Abridged edition, 2 vols.) 

Contains charts of principal, second- and third-intermediate hues arranged in 
order of constant hues. These volumes are designed to quickly and positively 
identify colors. A must for all finishers, chemists and others working with colors. 


SUBSCRIPTION ORDER FORM 

The monthly magazine specializing in the lacquering, enameling 
and japanning of metal and plastic products. To order simply tear 
out this page, fill in the information in the spaces below and mail. 

To: ORGANIC FINISHING 
1 1 West 42 Street 
New York 1 8, N. Y. 

Please send ORGANIC FINISHING for one year (twelve monthly is- 
sues) including a copy of the 1947 GUIDEBOOK - DIRECTORY for the 
METAL FINISHING INDUSTRIES which covers all types of coatings 
on metal products. I enclose check or money order for $2.00. 


Firm 


Your name 


Position 


Firm address 


City. Zone and State 
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As makers of Robinsons Stondordized 
Assoyed Gold Plating Solutions 

In Liquid and Salt forms 

We ore pleased to have the distribution 
of on internationally endorsed Rhodium 
Plating Solution 

Sulphate — Phosphate 


UNCHANGED RHODIUM PRE-WAR 
PRICES 
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$7.50 per gram 
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A. ROBINSON & SON 

131 Canal Street New York 

Canal 6-0310 - 0464 

Sixty-sevrfi Years in Prechnis 
Metals 

GOLD - SILVER - PLATINUM 
Refiners Cr Converters 


Please send detailed information about 
/ Gold Plating Solution 

Robinson's Assayed } Potassium Gold Cyanide 

( Rhodium Plating Solution [ 


NAME 

STREET CITY 


POSITION 
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